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Military aviation is in the midst of a fantastic period 
of development. Urged on by the world political situation, 
and supported by a multibillion dollar budget and some of the 
best technica! brains in the world, the aviation industry has 
performed near miracles in the past few decades. 

But as it grows in achievement, military aviation is be- 
coming increasingly complex. In the beginning, military 
aviation was a plane and a pilot. In 1907 the Wright brothers 
were awarded a contract to construct the first powered air- 
craft for the Signal Corps, at a total cost of $25 000. The 
following year that plane set a world endurance record by 
staying aloft a few minutes more than an hour. The reception 
was something less than enthusiastic, but military aviation 
was here to stay. 

In the decades that have followed, development has been 
in spurts, with the world situation dictating the time, effort, 
and money put into development. For most of the past two 
decades, however, world tension has dictated a constant in- 
tense effort in military aviation, and the results have been 
nothing short of spectacular. 


The simple concept of a plane as an airframe and an engine 
is no longer useful; today’s plane is not a device, but a com- 
plete and intricate system. In addition to the airframe and the 
engine, the modern airplane is a complex of equipment de- 
signed to make it operate better, to enable it to get to its 
target and back, to enable it to find its target and hit it, to 
enable it to fly with a minimum crew and with minimum 
attention, and to help it defend itself against attacks from 
any quarter. 

As airplanes have increased in speed, and complicated 
electronic equipment brought to bear to control them, they 
have become marvels of accuracy and efficiency in carrying 
out their assigned mission, But for every offense there is 
a defense, and this part of aviation has grown apace. The 
problems, however, are complex. Modern planes for example, 
can literally hide behind the curvature of the earth, and thus 
escape radar detection until they are within a few minutes— 
at supersonic speeds—from their target. This is typical of 
the problems that air defense faces, but by no means the 
most difficult. Thus the whole picture of military aviation 
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COMPARISON OF par . 


WORLD WAR II AND 
MODERN BOMBERS 


is a picture of moves and countermoves, by offense and de- 
fense, in addition to strict attention to maximum performance 
of individual units. 

The increasingly complex situation has given rise to the 
consideration of systems rather than components. An airplane 
is no longer merely a vehicle for carrying bombs or guns—it 
is a complete weapon, or more exactly a weapons system. 
Further, it is itself part of a vast attack or defense system. 
Defense against enemy aircraft likewise is no longer a matter 
of a series of weapons, but a vast, interlocked network of 
devices and equipment to detect and destroy an aggressor. 

These concepts are so intricate, so difficult, that they are 
full of problems that require the highest degree of imagina- 
tion. And they are so vast that they require the brains and 
manufacturing skills of scores of companies, all working 
toward a common end, but with totally different problems 
Consider then, some of the background of modern aviation. 


; 


Today, the world is experiencing a period of accelerated 
technological advancement caused, not by war itself, but by 
the threat of immediate attack on the heartland of the na 
tions by any aggressor. Unlike previous contlicts, any future 
conflict will be fought with the forces in being at that lime. 
There is no time between a peace force and a war force. 
Oceans are no longer bulwarks of defense in time and depth 
The ever-expanding third dimension is here to stay. 

No longer are the new devices of aviation emerging from 
the bicycle shops and the basement tool benches, but are the 
products of well-equipped and expertly staffed research and 
development laboratories and highly efficient industrial manu- 
facturing plants. 

Standard production aircraft have flown at speeds of more 
than 1000 miles per hour. A manned, rocket-powered craft 
has climbed to an altitude of 20 miles and set an unofficial 
world speed record of 2000 miles per hour. Guided missiles 


are in operational use. In development are hypersonic inter- 
continental and intermediate range ballistic missiles, while 









research continues on chemical and atomi powered aircralt, 

For 1958, the aviation picture is bright—and expensive 
Current programs (aviation related) indicate an estimated 
$12 billion gross new order total, one of the largest in the in 
dustry’s history. Of this amount, $7 billion will be applied to 
military aircraft, engine, and associated equipment, $3 billion 
for guided missiles and $2 billion for military ground-based 
electronics equipment and related weapons. By the end of the 
fiscal year 1957, the U.S. military aircraft inventory will total 
$3 226 as compared with the 949 military planes operated 
by the United States twenty years ago 

But the increase in total cost is not just a matter of in- 
creased numbers. The Wright brothers’ first plane for the 
Army cost $25 000; a World War II heavy bomber cost about 
$200 000; but the modern B-52 bomber runs close to $7 
million. One solid reason is complexity. A B-17 required but 
the B-58 Hustler, 9 million 


Unlike the specifications required of the Wright brothers’ 


200 OOO engineering man-hour 


first aircraft, today’s aircraft and missiles must withstand 
every environmental torment known to man—and then some 
Modern aerial warfare demands aircraft and equipment that 
will operate rehably under extreme vibration, in freezing 
weather, or in the torrid, humid tropics. They must wit! 
stand desert storms or the salt spray of choppy seas, and are 
subjected to rapid flights from sea level to altitudes well over 
50 000 feet. 
An increasingly difficult problem confronting science 

that of extreme high surface temperatures of the airframe 


encountered at sustained speeds of Mach 3 and above in 


stratospheric flight; at thi peed urlace temperatures may 
be 600 degrees Ff. With current programs now in proce 

continued speeds of this nature for manned aircraft will be 
achieved within 5 or 6 year sallistic missiles will also e» 


perience problems of extreme high temperatures upon re 

entry into the earth’s atmosphere. The need for a solution to 
this problem is at hand. Propulsion systems are also making 
great strides. Turbojets currently in production are capable 
of propelling an aircraft at Mach 2 or greater and operating at 
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In any defense system, communications is a key element. Infor- 


mation from many sources, such as radar lines, picket ships 
and Texas Towers (top diagram) must be collected, sorted and 
communicated to necessary defense installations. Instantaneous 


handling and use of all information is a ‘‘must 











altitudes of 72 000 feet. Rocket motors, too, are reaching 
greater and greater capabilities. In this area, speeds of 3500 
mph and altitudes of 126 000 feet have been attained. 

Mis Hie 
severe hardships. Usually faster than manned aircraft, the 
extremely high blast-off, shock, in-flight tempera- 


guidance and control systems face even more 


missile’ 
tures, and periods of vibration provide a constant challenge 
for electronics equipment that must provide accurate and 
instantaneous guidance and control at all times. 

Klectronics for manned aircraft is also faced with many 
difficult problems in this new age. Packaging greater range, 
additional capabilities, and higher reliability in smaller and 

tee. 5: 


smaller is a constant struggle. 


The magnitude of the tasks confronting the military and 
the aviation industry becomes more apparent when looked 
at in more detail. Consider, then, the general problems en- 
countered in an air-defense system. While actual plans for air 
defense are classified, a hypothetical example can be drawn. 

In the 
is to prevent the fall of enemy bombs upon specified surface 


simplest sense, the function of an air-defense system 
targets. The surface targets may include groups of Navy 
ships, Army units, Air Force ground installations, or civilian 
populated areas to name a few. For reasons of economy, it is 
more practical to consider defense of specific targets than, 
ay, the North American continent. The defense system can 
function by destroying the bomb-launching vehicle, by de 
stroying the bomb in flight, or by presenting such an im- 
penetrable barrier that the enemy is discouraged from press 
ing or even initiating an attack. Air-defense systems are, in 
general, to be distinguished from harbor defense, submarine 
defense, and other closely related defense systems 

The air-defense system consists of means for detecting the 


approach ol the enemy ’s weapon system, for identify ing it as 


hostile, and for intercepting it with the defensive weapons 
systems at hand. Extensive coordination means must be 
provided to insure that the widely dispersed elements of such 
a system function effectively as a whole, and that loss of some 
elements will not seriously impair the efficiency of the re 
maining ones The speed and accuracy of communications 
ind decisions are paramount in the success of the system. 

Phe threat posed by the enemy can be roughly divided into 
three categories. He may employ high-altitude bombers 
similar to our B-52’s—armed with free-falling bombs or air- 
to-surlace guided missiles; or he may use low-altitude 
bombers armed with bombs or rockets; and, in the future, he 
can be ¢ XK per ted to use long range missiles of the Inter-Con 


Sallistic Missile (ICBM 


be exper ted to use all of these weapon systems together to 


tinental variety. An enemy could 


ittack different targets simultaneously. Any of the weapon 
tems mentioned could be used for delivery of nuclear 


weapons, Which complicates the problem further, since one 
tircraft armed with one bomb can wreak terrible damage. 

Phe approach of the enemy’s weapons may be guided by 

s radar, by passively homing upon our communications or 
radar signa or by celestial or inertial navigation. He can be 
expected to carry jammers to disrupt detection and communi 
cation systems 

Before any teps can be taken to counter the enemy ’s air 
borne threat, his approach must first be detected. The impor 
tance of accomplishing detection at long range becomes more 
and more important as aircraft speeds increase. If the enemy’s 
speed is Mach 1, detection at 300 miles allows roughly 30 


minutes to identify him, determine course and speed, decide 


























what interceptors to use, get them off the ground and to 
enemy's altitude, and perform the interception air battle. At 
speeds of Mach 2, which have already been attained, this 
time is cut in half. If the enemy aircraft is armed with an air 
to-surface missile, the aircraft must be destroyed before it 
reaches the launching range—possibly 50 to 100 miles from the 
target—or the much more difficult problem of intercepting 
the missile itself is faced. Of course, for any long-range 
missile such as ICBM, the increased speed plac es even greater 
emphasis on long-range detection 

Since radar follows more or less line-of sight paths dete 
tion of distant targets is limited to those sufficiently high to 
avoid the “shadow” of the earth’s curvature. For surface 
radar, this implies a maximum range of no more than a few 
hundred miles on any but ICBM targets. To provide ade 
quate detection range on conventional aircraft thus requires 
a radar network. The addition of large airborne-radar dete 
tion equipment also acts to extend the detection horizon for 
lower-tlying manned aircraft. Such considerations have led to 
the establishment of extensive radar networks in Canada, 
our offshore ‘*Texas Towers,” radar picket ships in naval for 
mations, and also airborne early warning radar patrols 

Once the approaching enemy is detected, the number of 
units must be evaluated and their individual courses and 
speeds plotted with high accuracy, so that the proper type 
and number of interceptors can be directed into positions for 
the kill. As the raid approaches the point of interception, the 
tracking accuracy requirements increase sharply. At this 
point, range, while still important, is subordinated to tracking 
accuracy and high data rate. In general, a different group of 
surface-radar equipment is called into play for the three 
dimensional function of target tracking and interceptor con 
trol. Equally important, interceptors must be located relative 
to the enemy so that the inter eptors can be directed into an 
advantageous position. Manned interceptors and some of the 
surface-to-air missiles contain short-range radars for the final] 
approach to the target and control of air-to-air weapons 

The coordination of information flow in an extensive air 
defense system is a problem of staggering proportions. In the 
detection phase, plots of numerous search radars must be 
compared and combined with reports from sky-watchers 
intelligence data, the flight plans of thousands of friendly air 
craft, and the results of electronic identification procedures 
Since time is crucial, as much as possible of this comparing 
and combining can be done in large electronic computers after 
the various bits of data have been assembled by means of an 
extensive communications network. At least the initial phases 
of target tracking also can be accomplished by remotely 
located computers. The situation at any instant must be 
readily displayed for command decision and action. In the 
same location must be displayed the recent history of targets, 
interceptors, and current status of both 

When the enemy raid approaches the interception point, 
the tracking function must be transferred smoothly from the 
search radars to the more accurate tracking and interceptor 
control radars. Again, a complex communication function is 
required to avoid confusion and possible track loss. The 
accurate output of the track radars is employed in an inter 
cept computer to determine the optimum attack course for 
the interceptor. The output of the intercept computer guides 
the interceptor, either by direct communications link or by 
voice link to the interceptor. At some point in its approach to 
the enemy, the interceptor’s radar will make contact for the 
final approach. If it is a manned interceptor, a computer 
solves the fire-control problems for the interceptor’s weapons 


Since the entire tableau described must be accomplished 
in a few minutes, the re quirement tor automatic communica 
tion, computing and display is obvious, as is the necessity for 


immediate decision on action to be taken, and communication 
to the proper weapons systen \ wide variety of communica 
tion links are employed ral Irom common telephone 


ideband digital data links 


lines to the most advanced single 
Wherever possible the tlo ol information trom source to 


st be without human 


communication system to ft 


intervention and resultant ce 


Modern advancement n military aviation are currently 
directed toward the estal hment of a tremendous deterrent 
force that will make a potential enemy of the free-world hes 
itate before committing at ict of agyression. Secondly, 
American science is directed at the attainment of a military 
force so powerful that a blow retaliation to an ayyressive 
act would cause that nation to be incapable of carrying out 
any further acts of wat 

Aviation, in this new Ave of Flight—born of war and 


il will lead man to a whole new 


nourished by threats o 


world heretofore only see through the eyes olf a tele Cop 


Some experts predict man’s conquest of space will occur in 
five years, others say twenty-live, but most agree that man 
will set foot upon the moon or another planet before the close 
il 


of this first century of ai powell Nations will maintain 


strategic bases on manned satellites orbiting the earth 
Fantastic as these predictions seem, they are no more fan 
tastic than the thought of aircraft speeds of 2000 miles pet 
hour, or the idea of an eart! itellite orbiting the earth 400 
miles up would have been to Orville and Wilbur Wright. A 
Kitty Hawk spelled the begi y ol aviation as we knew it 
vesterday, scientists, militar eadet ind the world indu 


rv today are ushering in the econd half-century of aviation 


toa truly remarkable and great new ave of flight. ® 
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PROPULSION SYSTEMS 


1 RECIPROCATING ENGINE 


6 TURBOJET ENGINE 


2 SUPERCHARGED RECIPROCATING ENGINE 


5 REGENERATIVE TURBOPROP 


7 AFTERBURNING TURBOJET 


3 TURBO-COMPOUND RECIP- 
ROCATING ENGINE 


4 TURBOPROP ENGINE 


8 RAMJET ENGINE 


* Behind the tremendous revolution in military aircraft 
are many important technical developments. But a basic fac 
tor—and perhaps the most important —is the striking prog 
ress made in engines to hurtle the planes through the sk y at 
ever-increasing speeds. 

In 1942, competent airplane designers said that man would 
never be able to travel at 1000 miles per hour. Their reason 
was the tremendous power required. Their reason was right 
but they underestimated the engineer’s ability to produce the 
necessary power. 

Looking for more sper ific reasons for the tremendous ad 
vancements of the last 15 years, first came the spark that is 
the turbojet engine of Frank Whittle, which indicated that it 
all could be done. Second, the wherewithal—the many bil 
lions of dollars spent on aeronautical research since 1942 
(hundreds of times the amount spent before that time And 
third, came the method, which in the case of the propulsion 
system has been the ability to break the system into individ 
ual component parts and recombine them in the best possible 


method. This has permitted a scientific approach that wa 


never quite possible with a reciprocating engine, where the 
thermodynamics, aerodynamics, and mechanical design were 


all mixed up into one frustrating whole 
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phere, sucked away by a compressor after suitable cooling, or 
cooled and condensed to a liquid state and pumped away 
(steam turbine) 

sefore the expansion, heat must be added to the working 
fluid. This can be done by direct firing of fuel into the fluid if 
the working fluid will support combustion, by indirect firing 
as in a steam boiler, or by heat transfer from a nuclear 
reactor 

Before looking further, consider the tools the aeronautical 
propulsion system designer has at his disposal. They are: 

\. Fue 

B. Aerothermodynamic components 


(*. Materials, mechanical design, and manufacturing 


technique 
Fuels include the well-known hydrocarbons, which in get 
eral have a low heating value of 18 700 Btu per pound, weigh 


6 pounds per gallon and require 15 pounds of air or 3 pounds 

ol oxygen per pound lor complete combustion. This means a 

maximum of 1160 Btu per pound of products when burned 
ith aig 

Then comes a wide range of rocket fuels. One of the best is 
pure hydrogen burned with pure oxygen. While hydrogen has 
a heating value of 51 000 Btu per pound, the mixture that 
must be carried has a combined heating value of only 5700 
Btu per pound. A principal characteristic of rockets is that 
while the combustion mixture has a high heat per pound of 
mixture, the necessity of carrying the oxidizer reduces the 
total heat energy that can be carried by a factor of four or 
more when compared to air-breathing engines. Many chem 
ical fuels are under investigation for both rocket and air 
breathing engines. 

The aerothermodynamic components available to the de 
signer are indicated in the table at left. 

The third tool is the great background of engineering ma 
terials, mechanical design methods, and manufacturing 
tec hnique 

The design of any aircraft propulsion system is a com 
promise between weight and fuel economy. The fuel economy 
is in itselfa product of (1) the heating value per pound of fuel 

’) the thermal efficiency of transferring the heat of combus 
tion into the propelling jet (whether from a propeller, air 
breathing jet engine, or rocket) and (3) the efficiency with 
which the jet propels the vehicle according to Froude’s Law 

ee curve at left). 

If the goal is the design of a spectrum of propulsion systems 
to operate at a propulsion efficiency of 70 percent over a 
range of flight speed from 500 to 5000 feet per second, the 
range of the energy added to the air is 100 to 1. 

Phe efficiency with which the energy in the fuel or the heat 
released by a nuclear reactor is transformed into kinetic ener 
vy in the jet varies with the type of cycle used, the efficiencies 
of the components, and the maximum temperature. Using 
modern technology a wide spectrum of propulsion systems 
can be designed with thermal efficiencies defined in this man 
ner varying from 27 percent in the case of the turboprop to 40 
percent with liquid-fueled rocket. In general, the less work 
added per pound to the propulsion fluid, the lower is the 
thermal efficiency. 

Where are we going? The past fifteen years have seen a 
terrific exploitation of the research of the past century. In 
many areas of propulsion the ‘‘state of the art” is pushing to 
the limits of known basic science. Many people in the industry 
feel that large-scale progress will have to wait on further basic 
scientific discoveries. However, nobody believes that progress 


will stop or even slow up. ® 
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been directly responsible for the remarkable revolut 
military aviation that taken place since World War II 
The acceptance of 1 ew ropulsive device is hee 
complete that no new re rocal rengines or piston-enygine 
powered military or large mmercial aircralt are now cet 


t 
development 


Phe reciprocating e1 ine provided the prime source ol pro 
pulsive power for the first 50 years of man flight tory 
during which over 1 000 000 « es were built. But ready 
over 9O OOO aircraft vas-turt et rine have been built thre 
United States and mai dust! expert predict that jet 
propulsion will be the | vurce of aircraft power for the 


next 50 years 


Phe history of the mode tircratt gas-turbine engine beyvat 
in the early 1930’s when Britis! d German scientists begat 
their development. T! rl ent relatively unheralded 
until the great superiorit f jet-powered military aircraft ' 
demonstrated during World War IL. England tlew an engine 
as conceived by Frank Whittle, in 1941. Before the end of the 
war, a production version ot t engine was powerimny the 
Gloster Meteor on interceptor missions against the Germa 


\ 1 buzz bomb 

In 1941, the United States Army Air Corps had a Britis! 
Whittle engine shipped to the United States and gave an ordet 
for the Bell Aircraft Compat to build the P-S59A atreraft 
using two Americanized Whittle engine The maiden flight 
was made on October 1, 1942 

Also in 1941, the day following Pearl Harbor, an order wa 
placed with Westinghouse for ce mand development of the 
first all-American designed t engine. The resulting engine 
known as the 19A Jankee engine vas first run on March 19 
1943 and first flown in January 1944. A more advanced vet 
sion—the 19B engine Powe red a McDonnell FH-1 Phanton 
during the first flight of a jet aircraft from a carrier, in 1946 

The development of the 19A and B engine vas followed 
closely by the Westinghouse 24C or [34 engine, first produced 
in 1947, This engine is an excellent example of the reliabilit 




















and performance possible eve t an early stage in jet-engine 
history. The J34 ha ee ext ed service ipplicatior 
uch as the Navy L2H Banshee dbk3D Skyknight tighter 
and was recently selected for use in the North American ‘T2] 
the first Navy all-jet ba trainer. The J.d4 « nine Nas also 
been used in several interest rexperimental concept wl 
as the XF-85 Goblin parasite-fighter, the XF2\ ea Dart 
water-based fighter, and the X-3 high-speed research aircraft 
Phe new J54 engine represents the most recent state-of-th 
art in designing for lightweight and low peciiie luel co 
umption, and is well suited to nber of apy tio | 
COMpPany sponsored engine has made use ot the 
bined design technique West house and Ro Rove 
Ltd., of England, made jy. e | engines ‘infor 
tion exchange agreement le er these two comp ‘ 
Development ol the t  ¢ e |] et el | 
engines have been improved t e more t t more 
ently by great red ( uel ¢ 
Sh pounds of fue ( ‘ ‘ 
pecitic weight (pound ( ( Y ft 


These improvement 


re; ed compre (jt re ( ha ( ‘ 


CUTAWAY DIAGRAM OF 45-34 JET ENGINE 





the compressor, combustor, and turbine have made these 
fAINS Possible In addition, advance n metallurgy to permit 
‘hter construction, application of afterburning (burning 
ditional fuel after the turbine to provide yreater thrust 
better mechanical arrangement ind improved control pri 
ciples have contributed to this rapid development 

loday, engineet jo ik of 40 60 000 pound ea-level stati 
thrust. New engine would permit ome 000-mph peeds at 
70000 feet and above. Already several engine ire be 


developed in the 20 30, O00 pound tatic thrust cla 


Compressor Development—Vhe axial-tlow compressor, | 
oneered in the U.S. by the Westinghouse 19A, is used in vi 


tually all modern engines. This compressor ha advantage 
over the centritugal Lype used in some early enying ol 
higher flow per unit frontal area and higher efficienci The 


ial-flow compressor Cons ts of alternate rows of rotating 
ind stationary air-foil shaped blades, which are carefu 
oriented to turn the flow in such a way that air-flow velocit 

reduced and the pressure thereby is increased after eac! 
tave. Axial-flow gas-turbine compressors normally have fror 
10 to 20 staves cde pending on the design pressure ratio 

(dive vay to Improve engine ethoiency is to increase the 
compressor pressure ratio. Engine designers have accom 
plished this by several means, One method is improved aero 
dynamic design of each indi idual compressor tave, althoug! 
this ha t practical limit The next method ts to increase the 
number of compressor lave early engines used & to 10 
tae modern engines use 15 to 20 stages 


Compressor design 1s limited by the necessity for a wide 


range of stable operation and the rapid accelerations required 
lor aircratt operation Increasing the pressure ratio usua 


leads to serious mismatching of the staves at the front and the 


rear of the compressor when the engine is being operated ui 
der off-design condition At low rpm, the front stages ar 
heavily loaded and are in or neat talling conditions while the 
rear staves are very lightly loaded. The reverse 1s true for hig! 


rpm operation, where the reat taves are heavily loaded. The 


degree of mismatching is a direct function of the design pre 
ure ratio. This imposes a practical limit to the pressure ratio 
that can be obtained with a simple tixed-geometry axial-tlov 
compre mr ake n 
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There are two ways around this problem. Higher compres 


or pressure ratio can be obtained by splitting the compressor 


into a two-compressor or twin-spool design, and selecting a 
different rpm for each of the two parts to produce improved 
matching at all conditions. Another means of obtaining the 
ime result is to vary the air flow in the compressor such that 
the front stages are oper ited at a more optimum condition 
vhen the ire likely to stall. This is accomplished by varying 


the swirl of the inlet air to obtain a more favorable angle of 


ittack on the front stages. This swirl can be created by me 
chanica varying the angle of the stationary inlet guide 
ines in the compressor. It has also been found that bleeding 


tir from the compressor at an intermediate stage is helpful in 
rematching at low rpm. A combination of the variable-angle 
compressor inlet guide vanes, and a mid-stage compressor 
bleed permits higher compressor pressure-ratio designs with 
out the complication of a twin-spool engine design 

Karly jet engines were designed with “fixed geometry” 
compressors at pressure ratios from 4:1 to 5:1, while modern 
engines, ut ng the “variable geometry” features described 
ibove are running at pressure ratios from 8:1 to 13:1. The dif 
ference in pressure ratio between 4 and 13 results in a specifi 
fuel consumption improvement of approximately 25 percent 
at a typical altitude-cruise condition. 

Compressor stall and surge problems probably will continue 
for some time. Compressor stall occurs when one or more 
blades in the compressor stall in a manner similar to any air- 
foil section. This usually is not serious enough to reduce the 
engine tirflow; however, these disturbances can Cause serious 
vibration problems in the engine that in time can cause struc- 
tural failure from fatigue. Compressor surge is a severe stall of 
one or more stages of the compressor with a drastic reduction 
in the air pumping capability of the compressor. The compres- 
or surge results in greatly reduced efficiency and the drop in 
air flow to the combustor may result in serious overtemper- 
ature in the hot zone of the engine. As shown on page 171, the 
compressor should be operated close to the stall or surge line 
for best efficiency, but care must be taken to assure that 
transients caused by the pilot in changing the engine power 
or airflow interruptions caused by aircraft maneuver- 
not put the compressor in the stall or surge region. 


Che temperature of the air being rammed into the engine 


et dur yy {] ont at higher Mac h numbers forces the com 
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REFERRED WEIGHT FLOW 


pressor to operate in the thermal “thicket.” This is not abrupt 
like the sound “barrier” and the temperature problem is going 
to be difficult to solve. As a result of the ram temperature 
rise, the temperature at the outlet stages of the compressor 
will reach values found in the turbines of currently flying 
jet engines. 

For slow and moderate flight speeds there is considerable 
incentive for increasing the overall compressor pressure ratio 
to obtain improved S.F.C. This is not so for high Mach number 
flight since the ram pressure rise can be used to partially com- 
press the air. To keep the number of compressor stages to a 
minimum, increased pressure ratio per stage will still be re- 
quired in the interest of light weight. 

Combustor Developments 
combustor is to heat the air coming from the compressor and 


~The function of the jet-engine 


deliver it to the turbine with a specified temperature level and 
distribution and with minimum pressure loss. A maximum of 
one-fourth of the available oxygen is generally consumed in 
the main combustor. The combustor usually consists of a dif 
fusing section where the air is slowed to a velocity suitable for 
the combustion; a primary combustion zone where approxi 
mately one-fourth of the air is mixed with the metered fuel 
and combustion takes place; and a secondary mixing zone 
where the remaining three-quarters of the air is admitted and 
mixed with the combustion gases, thereby providing the de 
sired temperature level and distribution. The designer’s aim is 
to get the greatest heat release in the smallest volume, with 
the lowest pressure drop at the highest efficiency, and provide 
the hot gas to the turbine in a predetermined temperature and 
distribution pattern. Combustor design in early engines took 
two forms, still used in current engines—the annular and the 
can type. 

The annular combustor design is so named because the 
combustion zone is arranged as an annular ring around the 
engine. The secondary or cooling air flows inside and outside 
of the combustion zone and is mixed with the hot combustion 
gases through properly placed holes in the combustion liners. 
The combustion liners are cooled by the flow of a film of cool 
air along their surfaces. By proper design of the mixing holes 
and slots, the desired distribution can be obtained at the 
turbine entrance. 

The can type combustor consists of a number of combustion 
cans of duplicate design spaced around the engine. The cans 


may number from 6 to 16. Each is equipped with a fuel-ad 
mission device and has a trical combustion liner, sim 
ilar to that in the annular combustor, where the cooling air is 
mixed with the hot combustion gases prior to admission to the 
turbine. Tubes interconnect the cans so that the combustion 
process can be started from one or two of the cans 

A recent trend has been the combination of the two types to 
form a canular combustor. This type places the can-type com 
bustion liners in an annular space in the engine and the cool 
ing air is brought into the combustion chamber through thi 
annular space. 

The condition of the fuel as admitted to the combustor is 
important to good combustion design. Two methods have 
been employed, atomizing spray nozzles and vaporizing flame 
tubes. 

Turbine Development The axial-flow turbine consists of 


one or more stages, each having a row ol stators or nozzle 


vanes and a row of rotor blac The air ts ¢ xpanded through 


the stationary blading and then directed against the rotor to 
produce the desired power 
A source of improvement of turbine efficiency that ha 

ceived close attention is the sealing around the various stag 
Since the turbine is located at the highest pressure point in 
the engine and has the highest temperature, leakage paths be 
come important. Hot gases that leak through the turbine di 
tort the aerodynamic shape of the gas path through the tur 
bine and also they cause a lo vhen they mix with the cooler 
how up 
as increased Specitic Fuel Consumption. Much work has been 


gas that has passed through the turbine. These losse 


done to keep this leakage to a minimum by using hrouded 
ind multiple pa eals. While 


this has complicated sealing methods, significant S.F.C. im 


rotating blades, rubbing seal! 


provements are realized 
To obtain the best thrust-to-weight ratio, engine designe 


are making every effort to increase the operating turbine 


temperature The turbine-inlet t mperature limited 
ily by the material properties of turbine blades and 
The development of improved high-temperature alloys ha 
been largely responsible lor the uccess of the modern ya 
turbine engine. Early engines used temperatures of about 
1500 degrees I, while new enyine are ub e ted to te mper 
atures as high as 2000 degree Phis difference in temper 
ature produces a 30 to 50 percent increase in thrust output at 
take-off conditions. The turboprop and turbofan engines have 
the advantage of holding approximately constant specific fuel 
consumption with large power Increases a the te mperature } 
increased. The turbojet specific fuel consumption generally 
increases as the temperature increase 

Another method of obtaining increased turbine temper 
ature is air cooling of turbine blades and vane Relative 
cool compressor discharge 
turbine nozzles and rotating 
erat 


parts and permitting hig irbi nlet y tem 
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Ceramic coatings can also be used to insulate the turbin 
parts from the higher temperatures. Other means of cooling 
are effusion cooling, film cooling, and circulation of coolir 

liquid in blades. In some applications, such as missile 
horter life may be acceptable, thus allowing higher temper 
ature 


i flerburner Development 4 common modification to the 


basic turbojet engine cycie 1 the addition of a reheat proce 


after the turbine. Reheat, or afterburning as it is common! 


called, produces the large thrust augmentations often required 


for take-off and high-speed flight. The afterburner u 


cylindrical casing, into which fuel is injected and mixed { 


the turbine outlet gases and burned to produce as high a va 


temperature as po ible 
The apparent simplicity of the afterburner by no meat 


indicates a lack of development problem As much fue 


possible must be burned for brief high-thrust operation, wit! 
the result that temperatures of about 3200 degrees I are pro 
duced pecial care must be taken in the design to assure 
proper cooling of all surfaces to prevent metal part burnout 


Burning at these high rates has created a high-frequenc 


ibratory phenomena called quea from its audible soun 


' 

This vibration is very destructive, causing mechanical failure 
ina matter of minute The exact mechanism of squeal is not 
fully understood but the addition of a baffle in the burning 
ection of the afterburner has generally solved this problem 

lo make proper use of the afterburner, the engine must 
yenerally be equipped with a multiple-area exhaust nozzle 
Ihe least number of areas required is two—one, a minimum 
area for non-afterburner operation, and the other, a larger 
area for afterburner operation. Most efficient operation of the 
engine can be achieved by making the jet nozzle area infinite 
variable from the closed to open area. This complicates the 
exhaust nozzle design and the control system for operating it 

At higher Mach numbers the efficiency of the afterburner 
cycle approaches that of the ram jet, which ts important to 
ipplications where sustained high Mach number flight is re 
quired, Afterburners, therefore, are likely to remain an esse! 
tial part of the turbojet and turbolan engine in the tloresee 


ible future 





The art of designing aircraft to utilize gas-turbine engines 
has progressed rapidly. At first, the high subsonic speeds 
made possible by the higher power of the turbojet were ex- 
ploited and the sacrifice in range due to the high fuel con- 
sumption was necessarily accepted. Detailed designs are now 
made to produce the optimum combination of engine and 
aircraft design parameters for a specified aircraft mission. 
his, in some cases, will mean that an engine is initially de- 
igned and developed to meet the needs of a particular appli 
cation, rather than as a general-purpose configuration. Ex- 
amples of this could be a lightweight, low-pressure ratio, 
afterburning turbojet engine for missile or high-speed fighter 
ipplication, and, conversely, a high-pressure ratio non-after 
burning turbofan for subsonic or low supersonic long range, or 
high endurance aircraft 
lhe use of recently developed high-speed digital computing 
equipment is contributing heavily to improved design and 
analysis techniques. More accurate and thorough calculations 
can be performed on computers. A system has been developed 
to permit the large mass of engine performance data required 
by the airframe designer to be delivered to them in the form 
of magnetic tapes, which can be used directly on a high-speed 


compute! 


In summary, the aviation gas-turbine engine is truly a limit 
design device. That 


the urgent need for aircraft that are 
capable of higher speeds, longer range, shorter take-off and 
landing and higher load-carrying capacity put increasing de 
mands on the engine designer. He must develop more efficient 
evel higher airflow and compressor pressure ratios, in 
creased turbine temperatures, more efficient components, 
lighter weight, wider range of operation and increased relia 
bility. These factors force the engineer to design to the limit of 
ivailable information and to continually search for better ma 
terials and methods in the fields of thermodynamics, aero- 
dynamics, mechanical design, controls and metallurgy. The suc- 
cess of this search will pace the advances in both the military 
and commercial aircraft engines of tomorrow. « 


TURBINE ENGINE DEVELOPMENT HISTORY 


Whittle took out first patent applying the gas tur- 
bine to jet propulsion. 


Whittle started practical development of jet 
engine, 


In April, the first Whittle designed engine ran 
successfully, 


First order placed for jet propelled aircraft with 
the Gloster Aircraft Co., Ltd 


First turbojet flight by German He 178 with Dr. 
Von Ohain He $36 engine. 


First flight of Caproni-Campini jet propelled 
monoplane of Italian design using reciprocating 


engine to drive compressor. 


First flight of Gloster E28/39 turbojet propelled 
aircraftin Great Britain with W hittle W-1 engine. 


Bell Aircraft Co. given order to build P-59 using 
two American-built Whittle engines. 


Order placed with Westinghouse for development 
of all-American design jet engines. 


Maiden flight of P-59 in U.S.A. 


Initial operation of first American-designed tur- 
bo-jet, the Westinghouse 19A. 


First jet flight from aircraft carrier byMcDonnell 
FH-1, 
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Specially equipped 
planes extend radar net 
to continental boun- 
daries. U.S. Air Fore Photo 
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Systems of special interest are those useful for aircraft 
detection, or for use in aircraft. The senses of human ob- 
servers still form an important part of the defense system, 
but electronic devices are the basic detection systems. Al- 
though the detection process is the keystone of the system, 
associated computers and other equipment for effectively 
utilizing the information obtained are also part of the overall 
detection system. 

Electromagnetic radiations covering the spectrum from 
radio to infrared are utilized in electronic detection systems. 
Various frequencies have their individual advantages and 
disadvantages. In general, the lower frequencies yield higher 
power, more sensitive receivers, and greater freedom from 
atmospheric attenuation. The higher radio frequencies favor 
higher antenna gain, smaller size and finer target discrimina 
tion and detail. 

Active Systems—The usual detection system consists of 
transmitting high-frequency radio signals from a directional 
antenna and determining target position by noting the time 
for reflected echoes to return and the antenna direction 
Transmission can be in the form of sharp pulses with rela 
tively long listening periods between, which is the most com 
mon and most generally useful method, Another approach is 
to transmit and receive simultaneously and continuously. 
This system has advantages in simplicity and reduction in 
peak power requirements although it is poorly adapted to 
accurate ranging. Combination systems now under develop 
ment may take advantage of the virtues of both systems. 

Passive Systems—Systems that do not depend on radiation 
from the detection system are called passive systems. More 
limited in ability than active systems, they are valuable be 
cause of their “invisibility” to the target, since active sys 
tems cannot operate without betraying their presence to a 
target equipped with suitable detectors. 

The airborne target may be forced to radiate radio signals 
to perform its mission. This permits ready detection by a 
simple receiver. While this gives direction rather than range, 
several ground-based stations can triangulate, and airborne 
detectors can frequently get rough range trom the strength 
of the returned signals or triangulation along the flight path. 

Infrared detection has great promise for detection pur 
poses. Jet engines, rocket motors, and the skin of high-speed 
missiles are all strong sources of infrared radiation. Since 
infrared wavelength is extremely short, a few ten thousandths 
or an inch or less, pre ision opth al systems are possible and 
provide accurate direction and crude range finding. A most 
promising system appears to be a combination of infrared for 
detection and direction finding, with short bursts of active 


radar for ranging. 


A number of special developments are pertinent to the 
application of detection systems: 

Moving Target Indicators—Many times detection systems 
observe numerous targets, although only those that move, 
such as vehicles and aircraft, are of interest. To eliminate the 
confusion of numerous stationary targets, circuits have been 
designed to differentiate between moving and _ stationary 
targets. If the radar system itself is in motion, this motion is 
generally accurately known and its effect on the path length 
can be canceled out. Selection of moving targets only greatly 
increases the operator’s ability to detect a target 

Automatic Alarm—The strain and monotony of ceaseless 


observation of detection-system indicators is fatiguing to the 
observer and results in a lowered performance efficiency 
Circuits can be provided that determine when a new target 
moves into the field of observation, and actuate an alarm to 
alert the observer, eliminating the need for continuous scru 
tiny of the indicator. The importance of such a mechanism 
occurs in two areas. First, the reduction of the number of 
operators required and secondly, the increase in reliability of 
target detection. 

The design of automatic alarm circuitry involves a stati 
tical consideration of the noise or natural disturbances present 
in all electronic equipment. These disturbances are completely 
random and are in fact venerated by electron motion in the 
circuit components in the input stages of the radar detection 
system receiving elements. Such random tluxations can easily 
exceed a weak signal. This can be avoided if system pet 
formance is sacrificed. However, to avoid this sacrifice a 
technique of signal integration is frequently employed. In this 
circuit, the radar return from a given direction is added to 
previous returns from that direction. Since the noise tluxa 
e effect 1s to reduce peak thus 


t} 


tions are entirely random 
ations in comparison with the desired signal returns that are 
repetitive and therefore accumulate 

Countermeasures —The violent impact of detection system 
on the art of warfare has naturally placed high priority on 
the development of techniques for thwarting their effective 
ness. These techniques come under the general heading of 
countermeasures 

Countermeasures can be divided into two general cate 
gories— those in which the target emits energy for the purpose 
of disabling or misleading the detection system, and passive 
systems that depend upon the dissemination of false retlection 
targets to confuse the detector 

In the first category the obvious and well-known te¢ hnique 
is to transmit a powertul noise signal on the detecting system 
frequency to either block the receiver or at least obscure the 


radar echo. The system can be effective but has the di 


advantage of being readily recognized, which permits the 


detection system to take corrective steps uch as an abrupt 
frequency shift. Much more subtle are systems in which a 
g the taryet 1 implified by 


portion of the signal illuminat 
the target and modified before transmission back to the de 
tecting system, so that the detector will make an inaccurate 
determination of tarvet position. This inaccuracy does not 
have to be large to completely protect the target from an 
unguided weapon 

One of the earliest but st effective passive confusion 
the target of large numbers of 


devices is the ejection from 


tiny foil reflectors, which are quickly disbursed in the air 


craft slip stream and become in effective target of very larve 
reflecting power that can obscure ind protect the tarvet 
Detection systems primar radar at present, have t iken 


to the air. In all combat rcraft, radar eye ire a necessit 


Transport aircraft, both commercial and military, are rapidly 
adopting radar to avoid severe weather. Military app 
tions, however, heavily « ite in number investment 
and variety. 

Airborne equipment | ibject to mal restrictions that 
make compromise nect ry. Weight and space are at a pre 
mium, since every pound olf electronic €¢ pment re re 
ten pounds of airplane el to rr t around, Ante 
are limited in size to fit the aerodynal contour of 
the aircraft. Since the g target resolution ol an ante 
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creases with the frequency of the radiation hort wave en other truments were damaged or failed. The ability 
engt! t i ed although both transmitter and rece er of radar to spot obstacles thead and avoid hitting mountains 
performance would be better at longer wavelengths. At wave through errors in course or altitude is well established 
engths of one centimeter and shorter, severe atmospher Reconnaissance is a natural military application of map- 
ibsorption of radiation exists. As an optimum compromiss ipability. Since specialized aircraft can devote much 
most airborne radar equipment operates in the range o more space and weight to the radar than can a fighter or 
wavelengths between one and ten centimeter tirliner, the quality of the information can be vastly im 

Reliabilit of supreme importance in airborne equip yrroved. Modern equipment can accurately map large areas 
ment mplicit pav reliability and yet the additiona howing fair detail such features as city streets, farm 
functiolr constanti being idded to the detectior ten no ‘ i | mall boats 
mp idded complexity. Consequently, design of airborne Kear varning of the enemy aircraft approach is accom 
equipment challenges the engineer to obtain maximum re plished by aircraft modified to carry large antennas and high 

ts from the simplest possible circuits power detection systems. Such planes regularly patrol much 

Airborne equipment | ubjiect to extreme and rapid of the coastline of our country 

irving environmental conditions. It is only minutes from Co on prevention with other aircraft is an important 
the rarefied atmosphere of the stratosphere, where cold part but as yet unsolved problem. The weight of the equipment 
get colder and hot parts get hotter, to the penetrating ind the aerodynamic drag of the antennas that are required 
midity on a carrier deck. Protection from the shock of cata by the present state-of-the-art constitute uneconomical pen 
pult take-offs and arrested landings competes with protectiot ilties at thistime. These technical difficulties will undoubtedly 
from the destructive high-frequency vibrations set up by a be solved in the future and this function made an important 
et engine radar ipplication 


teidide 


Bets 





Airborne detection svstems have a multitude of use Any device that can do accurate ground mapping from an 
peacelul al d military. Leading the commercial! applicator Lirplane obviously a pote ntial bombsight. Radar has been 
ts the use of radar to avoid turbulent and dangerous atmo used for 1 purpose from its early days in World War II. 
pheric extreme This is made possible by the retlection of Improvements in range and accuracy plus day and night all 
radar sigt from precipitation that is present in such cond weather capability have given radar a secure hold as the most 
tol Radar enables the pilot to select routes that skirt area mportant type ol bombsight 
of really violent turbulence Of all military applications of radar, the radar-equipped 

Another valuable capability of radar, both commercial and terceptor perhaps most appealing to the imagination, if 
military its ability to observe terrain being traversed i iny phase ol wal can be called appealing. 
pote ol darkmne or poor \ ibilit Of course, the picture Direct to the target by long-range surface detection 
not of optical det but the portr of distinguishing terra equipment, the pilot eeks and tinds the enemy by radar and 
feature idequate for many applicatiol Thi ilso make ruided o i suitable attack course bya computer that uses 
navigation possible with radar, provided that rivers, mout radal to analyze the attack situation. Operating 
fair citie ke coast ‘ or other distinguishing feature trictly on electronic equipment, a pilot can destroy a plane 
ire present. Many a pilot has navigated safely home by radar e never sees. This was done for the first time in the Korean 




















conflict using detection and guidance equipment designed 
and built by Westinghouse. 
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One of the major characteristics of ground-based detection 
systems is the necessity to establish such systems as portions 
of rather extensive defense networks. In the days of World 
War II it was possible to operate on a point-defense concept, 
and hence a detection system could be associated with the 
immediate users of such information. The advance in aircraft 
capabilities and the necessity of achieving very high attrition 
rates because of the nuclear capabilities of enemy aircraft 
make isolated ground-based detection systems insuflicient. 
This point is clearly illustrated by the establishment of the 
DEW (Distant Early Warning) line of detection systems for 
the defense of the North American continent. For this line of 
outposts to be useful, the information gathered must be 
rapidly transmitted to a central point where effective warn- 
ings can be issued for all active and passive defense measures, 
including retaliation. The SAGE (Semi-Automatic Ground 
Environment) system further illustrates the necessity of net- 


working detection system information. For not only is this 
information necessary for warning purposes but the actual 
defense mechanisms are dependent on such information for 
their effectiveness. 

To provide the information inputs that such defense net- 
works require, the associated detection systems have been 
evolved along certain specialized lines. 

Long-Range Search, Early-Warning Radars—In these de- 
tection systems, design parameters have been compromised 
to provide maximum range sensitivity. In general, they are 
characterized by lower frequencies of operation, lower space 
scanning rates, large pulse-widths, large ponderous antennas, 
and relatively poor definition of target information. 

“Control” Radars—Here, different design parameters have 
been made to emphasize the accuracy or definition of the in- 
formation obtained, usually at the expense of range. The 
necessity of looking frequently at targets that may be maneu- 


vering has further imposed relatively rapid space-scanning 
rates. These radars are further characterized by relatively 
narrow pulse-widths and higher frequencies of operation 
Height-Finding Radars 
signed to produce information on the angle of elevation o1 
altitude of a target. Particular attention is paid to achievement 


of aspecially shaped antenna pattern in the vertical plane, 


Some systems are specifically de 


to provide accurate information. This separate class of radars 
imposes a serious problem of coordination and control, since 
the defense system must obtain height information with 
reference to sper ific desired targets 

Combined Three-D Radar Systems—These are essentially 
control radars that have integrally incorporated means to 
determine target height. This integration has imposed severe 
problems demanding the greatest skill in selection of design 
parameters and has unfortunately demanded an increase in 
radar complexity. A measure of this increase can be obtained 
by considering that a control radar normally handles about 
100 000 pieces of information per complete space scan, and 
that imposition of height requirements multiplies the informa 
tion content by at least a factor of 10, and perhaps by 100 
It is nevertheless in this general direction of integrated systems 
that future progress can be foreseen. Where design compromise 
cannot provide sufficient or satisfactory performance, inven 
tion is required. Illustrative of this is the Paraballoon antenna, 
which by utilizing an entirely new technique has provided 
large radar antennas that can economically meet and resolve 
the dilemma of high-accuracy, high-performance systems, This 
solution has provided a springboard for further developments 
in ground-radar systems 

Commercial applications of the above types of equipment 
are largely concerned with the direction or control of ait 
traffic. For this task not only the radar systems but many of 
the other techniques of the defense system are well suited 


The evolution of detection systems will continue. As wea 


pons technology advances, so will the means for detecting and 


defeating these weapons. Looking into the future, there are at 
least two discernible directions for this evolution. It appears 
that a natural result of the attempts to establish an earth 
satellite will be a series of detection systems mounted in space 
platforms, which can keep unfailing watch on all corners of 
the earth. The design problems associated with this type of 
system are tremendous. While nature supplies the vacuum, 
thus eliminating the restrictive confines of man-made vacuums 
and envelopes, the problems of weight, size, and reliability 
assume an importance an order of magnitude larger than at 
present. While today’s aircralt requires nearly ten pounds ol 
airframe and fuel to carry one pound of electronic equipment, 
a space station will probably need 100 to 1000 pounds of fuel 
and airframe to deliver this same pound of electronic gear 
Since space platforms may well be unmanned, electronic equip 
ment failure would result in an aborted mission costing hun 
dreds if not thousands of times today’s aircraft mission 
The second direction is concerned with man 


work ny 


ayve-old desire 


to “‘see in the dark.’’ Research scientist vith con 


ductive solid-state devices and various means to amplify 
images are approaching this dream. Although no device can 
actually see in total darkness, the amount of light produced 
in the night-time sky is entirely sufficient for foreseeable 
devices to produc e high-definition images 

The future for detection tems will be built on problem 
improvement, to be solved by the in 


industry. ® 


arising from weapon 


ventions and discoveries of the electron 
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* The growth and progress of many services vital to air 
transportation must keep pace with the accelerating growth 
of air transportation if full aircraft potential is to be realized. 
One of these services is electronic communication and naviga- 
tion, without which aircraft are limited to fair weather excur- 
sions. Today with accurate navigation and airport approach 
equipment available, commercial flights move regularly 
through all but the worst weather conditions. Some military 
planes equipped with the latest devices take off, perform their 
mission, and land in practically zero ceiling and visibility con- 
ditions. With further refinement and cost reduction, this type 
of operation will be possible for commercial carriers. 

Compared to 165 airport radio stations operating in 1935, 
the US Civil Aeronautics Administration today operates over 
575 airways communication stations and airport control tow- 
ers, 365 four-course radio ranges, and 400 omni-directional 
range stations. In addition, the scheduled airlines operate 
through the services of Aeronautical Radio Incorporated over 
500 communications stations along US domestic air routes. 
These services do not include an equally impressive number 
of stations operated by the military services for their flights. 
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Ihe services provided by electronic communications and 
navigational equipment can be grouped into three basic func- 
tions: navigation, air-trafficcontrol, and generalo perational traffic. 

\Vavigation— Navigation includes those devices that pro- 
vide information to help the pilot determine his location with 
respect to a known point or points, and to guide him to his 
destination. The most basic navigation method is still faith- 
fully followed by most pilots even in the most modern aircraft; 
this consists of plotting a course by dead reckoning from a 
known origin, using time of flight, estimated speed and course, 
supplemented by observation of ground check points where 
visual reference to them can be maintained. For long dis- 
tances, over water or clouds, celestial navigation is possible. 
However, more and more dependence is placed on electronic 


navigation devices that can give continuous independent 
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checks of position automatically, and further, can be utilized 
to actuate plane controls to automatically guide the plane. 
Electronic navigation is performed by one of two basi 
principles. The first is to obtain by radio direction-finding 
echniques relative bearings from the plane of two or more 
identified points, such as broadcast or range stations. The in- 
tersection of the radio bearings establishes the plane’s loca- 
tion within the accuracy of the observation. Direction-finding 
equipment is still carried on most commercial and military 
aircraft and can be tuned to CAA range stations or commer- 
cial broadcast stations; however, it is used more and more as 
auxiliary or back up to more modern and automati methods 
\ more modern version of this principle is the LORAN 
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(Long Range Navigation) system often used to provide navi- 
gational data to aircraft over the ocean. In LORAN, a master 
and slave transmitter each radiate carefully synchronized 
pulses in the 1.7—2.0 megacycle range. A radio receiver meas- 
ures the time difference between reception of these two pulses. 
This time is translated into a hyperbolic locus of possible posi 
tions with respect to the two transmitters. Measurement of 
another pair of pulses from a second master-slave transmitter 
combination at different locations from the first pair produces 
a second locus; the intersection of the loci defines receiving 
point position. Positions can usually be determined within a 
few miles at distances of 1000 miles from the transmitters. 
Other similar systems operating at other frequencies and even 
higher accuracies are in use or are being developed, such as 
Gee, Cytac, Decca and Radux. 

The second basic electronic navigational method is the 
rho-theta method where the relative bearing (/he/a) and the 
distance (rho) from a single known point establishes aircraft 
location. This method is in general use today in the form of 
VOR (Very-High-Frequency Omnidirectional Range) com- 
bined with DME (Distance Measuring Equipment). The 
VOR, operating in the 100-120 me frequency range, transmits 
a characteristic signal over a line-of-sight range from the sta 
tion. The characteristics of the signal received at a given point 
depend upon the relative bearing of that point from true 
north. In the United States, 1230 VOR stations are scheduled 
for installation, each on a separate (non-interfering) frequency 
with coded identification. This large number is required be 
cause VHF range is limited to line-of-sight, which is only 130 
miles for an aircraft flying at 10000 feet. DME operates at 
ultra-high frequency (in the vicinity of 1000 mc) from the same 
location as the VOR transmitter. To use DME, the aircraft 
transmitter sends out periodic interrogation pulses that trig 
ger responding pulses from the DME station back to the air 
craft. The round-trip time of each pulse is used to calculate 
distance between the aircraft and the DME transmitter. 

Another similar system, called TACAN, has been developed 
by the military and combines both bearing and range fun 
tions of VOR and DME. Vavarho is still another system of 
this type operating at low frequency (90-118 kc), which has 
been developed by the Air Force and provides rho and theta 
information as well as high reliability over long distances 
Present indications point to an ultimate combination of the 
theta function of VOR and the distance function of TACAN, 
forming a VORTAC system for future official CAA use. 

Air-Traffic Control—The second major function of aviation 
communications lies in the area of air-traffic control. With the 
tremendous amount of traffic using present day airspace, 
especially around air terminals, the air-traffic control problem 
becomes more critical daily. In brief, air-traffic control can be 
classified into two basic functions—enroute control, and ter 
minal and ground-approach control. In each case, the object 
of the control agency is to move as much traffic as possible 
without running undue risk of collision or accident. To carry 
out this function, the control agency maintains tight control 
over the entire airspace under conditions of poor weather and 
visibility when instrument flight rules apply. During good 
weather, visual flight rules apply, and only the immediate ter 
minal area is controlled. When instrument flight rules are in 
force, flight plans are adjusted by the control agency to allow 
adequate airspace around each flight to prevent collision. To 
continually check on flight progress requires frequent com 
munication with the plane. In terminal areas the plane is 
constantly observed by radar, and voice instructions are issued 
by radio to guide it into the landing pattern. 


Under instrument landing conditions, a plane can be brought 
down to the runway by ILS (Instrument Landing System) in 
which the pilot guides his aircraft by a pattern of signals radi 
ated from the ground and displayed on his instrument panel 
to indicate his position and altitude with respect to the glide 
path to the runway, or by GCA (Ground Controlled Approach 
in which the pilot is talked down by a radar observer 

Che large number of planes in the terminal vicinity at one 
time and the relatively large amount of information that must 
be exchanged between planes and ground-control points make 
the communications problem critical. Further, the need for a 
much higher capacity traflic-control system for both military 
and civilian aircraft has become painfully obvious; yet the 
widely differing types of aircraft, speeds, and practices makes 
this a baffling technical and organizational task 

General Operational Trafhi 
nications covers general operational traffic, which includes 


he third category of commu 


identification for civil and military purposes, exchange of 
weather information, passenger and airline information, and 
emergency communications in any pha se of flight. In military 
operations this phase of communications can involve a con 
siderable amount of data of a widely varying nature. Although 
some data-link equipment is now used by USAF fighters, the 
vast majority of air/ground /air trafhe is voice. In general 
airlines use vhf while the military use uhf, Over 1750 channel 

100 ke wide, are assigned to aircraft use in the uhf band 


As can be gathered from previous discussion, a multitude 
of problems are associated with every phase of aircraft com 
munication and navigation. In general, these problems might 
be grouped into several broad categories; in each, the pra 
tical answers are of great importance to the furtherance of air 
transportation and national defense 

Reliability— First is the need to discover o1 developa method 
of transmission that is extremely reliable in the face of inter 
ference from a variety of sources. With the safety of a high 
speed airliner dependent upon the split-second accuracy of 
information being exchanged with the control agency in a 
densely traveled terminal area, communications must be im 
pervious to noise, harmonics, fading, and interferiny siynal 


To meet this problem of reliability a number of approache 

offer promise. A better understanding of electromagnetic ra 
diation phenomena derived from actual propagation tests will 
continue to add to our knowledge of circumventing natural 
radio transmission impediments. Westinghouse is operating 
a terminal of a 2000-me tropospheric scatter link for the US 
Air Force and investigating propagation characteristics of thi 

new multichannel communication means. In the future, scat 

ter communication from ground to plane may be utilized 


Another approach has been brought to light by communica 


tion theory developments which indicate that the communi 
tion channel efficiency can be improved in the presence of 
noise by the manner in which the message is encoded and the 
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ised. The usual type of analog 


form of transmission symbol 
information (continuously varying signals) can be translated 


into discrete elements of binary information or “bit Phese 
bits can be transmitted in a variety of forms or waveshaype 
designed to achieve an optimum match to the transmission 


medium and to the type of detector. The symbols used (com 


bination of bits to form letter can be coded with some re 
dundancy to make possible error detection at the receiver 
Another interesting approach to improved reliability is de 
liberate use of transm on redundancy by the tee hnique of 
space, frequency, and time diversity. This technique combat 
179 
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tiot Ti taneou y along two pati In space, or on two Ire 
quen hanmne or b mp ending the information in the 
ime channel] several time These methods are quite effective 
in overcoming multipath lading produced by canceling y 
na ri y at the receiver from different transmission patl 
However, they are not as effective in overcoming jamming or 
large € ionospheric disturbance 
t ther effective method of combating interference li 
( m1 ol mor { r or adding intelligence ) 
lo carrier. Recent developments have shown single-sid 
and modulation to be uperior to other methods under co 
ditions of marginal signal strengt! multipath transmissio 
and enem imming. Along th ne the present Westinghouse 
aeve opment program ol singte ideband for ult scatter con 





mul ition for the Air bores represents one ol the tirsts in the 





( xpected to materia improve long-range com 
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Increased Information—A second basic need for airborne 
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communication 18 an increase in inlormation pa ed betwee! 





the aircraft and the ground in a given time, bu 








lime, a material simplification in the communicating proce 






Phis need is rapidly becoming more urgent with the increasing 





aircraft complexity and speed, and the increasing traffic ha 





ed in the terminal area 


Data Link 


ks between the plane and ground, to automatically and re 





These problem point to the need for data 







iably transmit required information at high speed Data 





to activate only the intended re 


celvel The information 1 prepared and transmitted in dig 


ent vith a discrete adadre 







ta ed form, and utilized at the receiver to automatica 


































! ite the nec iry functions or make appropriate indicatio 
Identification, navigation data, trathie-control data and 
truction, and other operationa ommunications can be car 
ned simultaneously inthe data me ive. Systems are appearing 
that exchanyve all the information needed to handle 120 
urcralt on the same trequen n the vicinity of the statio 
Phe information from the plane might include identit 
Lance bearing, altituce nead r and peed 

The data link ippear to be al mportant part of rt 
eral air-trath mtrol and nay vation plan An exchanyve of 


plane ind gro d-vathered information on the plane locat 

cal TY i omp hed enroute ony with continuou re r 
ind alterations on tight instructions as a result ol mpute 
comparisons of the tight plas ind pro re ol other plane 


within the area. Riiw-thela typ data on aircralt locatio 


eliminate the nece ity ol expensive radar installat 
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yngested terminal areas. Extremely high-speed visual 
display and printing devices can display the data received 
from the link at rates of up to 10 000 characters per second. 
Major needs facing the industry in this general field are: an 
crease in the rates of data transmission without excessive 
CTEASE frequency band-width; high reliability without a 


erious reduction in information capacity; a universal data 


nk system that fits the needs of both military and civilian 
iircraft, but uses the same terminals and facilities: and air 


borne communications and navigation equipment that will 
not require extensive operator attention when switching from 
one terminal or route laciity to the next 

Long-Distance Communicalion—With the advent of long 
range aircraft and global military strategy, extremely reliable 
long ince communications from this country to US planes 
In various parts of the world is an urgent requirement. Many 
factors conspire to make this a most difficult task 


| atmos 
pheric noise, solar magnetic storms, aurora borealis, size and 
mitations on aircraft antenna and power amplifiers, 
ind, of course, the possibility of enemy jamming. Some of the 
ques discussed under increased reliability such as 
new modulation methods should help the prob 
lem. However, the basic fact remains that distances are often 
o be traversed with known techniques. The use of 
ver ww trequencies and high power Can a hieve adequate 
comn cations from ground to air; but the long antennas 
ind high power required make the return air-to-ground path 
impossible for any significant distance 
Con teresting approach to this problem is the possibility 
of aerial relay stations carried in interposed aircraft where 


ommunication is necessary. A series of interesting 


experiment were conducted a number of years ayo by West 


nghouse, Glenn L. Martin, and the US Army with an airborne 


relay station for re-transmitting television signals (Strato- 
ion) at 250 me and communication signals at 750 and 3300 
mc. Investigations of this and other new methods of achieving 


00- to 10000-mile communication channels from air-to- 
ground and ground-to-air are a part of Westinghouse long 
range major development program 

Single Sideband—With the increasing demand for commu- 
innels, the available frequency spectrum is rapidly 


has given great impetus to development of 


( ( ques to utilize the spectrum more efficiently —to 
queeze more communications into smaller channels. The 
most ficant method recently introduced is single-sideband 
transi lO! a compared to conventional double sideband 
wr freque modulation. Requiring only half the bandwidth 


needed tor present amplitude modulated signals, the channels 
ivallable in be doubled provided that accompanying sta 
bility problems can be solved Recognizing the need for a 
quickly retunable, highly stable frequency source to capitalize 
on the narrower single-sideband signal, the Stacot exciter was 
veloped 
vith stabilities in the order of one part in 100 million for use 


It can produce sivnals In one kilocy le sleps and 
both at high frequencies (2-30 mc) and at very high frequen- 
¢ )) HM) me 

With the tremendous 


air power and commercial air transportation, and the 


importance presently accorded to 


pressing problems faced today in connection with communica 
tion and navigations to support each, an urgent demand exists 
for material progress In the art. This poses an opportunity lor 


new icle i ind superior produc ts The coming of the missile 


age with unm inned missiles re plas ingtoa large extent manned 


military aircraft will increase pressure for larger capacity and 


more reliable communications over longer distances. ® 
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* The concept of weapons systems has dominated all mili 
tary planning recently, since it affects aircraft and aircraft 


equipment. The starting point is the mission requirement; 


then the air vehicle is developed, along with its equipment 


and its ground support to carry out that mission. The chief 


impact this has on aircraft equipment, including aircraft 
electric systems, is conflict between the desire for highly 
specialized, special-purpose equipment on the part of the 
weapons-system contractor and the desire for economy and 
standardization on the part of both the equipment manu 
facturer and those responsible for logistic support of aircraft. 

A partial solution to this dilemma is to make a distinction 
between syslems and equipmen/ requirements. Such a dis 
tinction is hard to maintain, since better performance of 
equipment and systems are always inextricably interwoven 
Che distinction is readily grasped, however, if the assump 
tion is made that the electric system designer has available 
any standard component he could possibly require in setting 
up a system to meet the requirements of the basic weapons 
system. The standard components can always have better per- 
formance than the system minimum requirements, so long as 
the penalty for better performance does not compromise the 
performance of the weapon system. Thus, an infinite number 
of systems could be designed and supported by a large but 
finite number of equipment components. 

By convention, the term ‘aircraft electric system” refers 
to a primary system delivering power to one or more main 
buses—not to the multitude of secondary electric systems. 
rhe primary power system on all modern United States 
military aircraft (i.e., those designed since 1955) and on all 
large transport aircraft (subsequent to the DC-7 and to the 
Constellations) is three-phase alternating current. The uni 
versal objective of all electric system designers is to assure 


B-58 and its 


electric-system 


equipment 








continuity ol power at the main bu from thi point on, no 


two systems are designed to meet exactly the same require 


ments. (See table on page 182 


Consider the problem contronting the electric-system 


designer, neglec ting for the time being all proble ms ol equip 


ment design. Assume that the we ipon ystem contractor ha 


not been selected, and that se 
working up proposal 


The factors entering into a 


1. Preference Different Cue 
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weapons system vendor el 

3. Mission profile. Flight spee 
tudes—determines cooling 

4. Heat sinks available. /xtres 
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7. Automatic features required 


formance dictate minimu 

8. Weight and space. The 
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9. Shock and vibration. U 
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The systems required on modern aircraft run the gamut 
from hovering aircraft (heli opters), VTOL (vertical take-off 
and landing), STOL (short take-off and landing), through 
ubsonic aircraft such as the B47, B52, and commercial jet 
transports, to the supersonic vehicles such as the century 
fighters (F102, F104, F105), supersonic bombers (B58), and 
iles (Atlas and Titan). The 
tems designer has to provide for speeds from zero to over 


15 000 miles per hour, altitudes from a few feet to over 50 


the intercontinental ballistic mi 


miles, from the crude power needed for de-icing to the 
precision power required for elaborate inertial navigation 
tems, and for magnitudes of a few kilowatts to perhaps 
000 kilowatts someday for nuclear-propelled craft 
In actual practice, the development of mission require 
ments, system requirements, and apparatus go hand-in-hand, 
“feedback.” Aircraft can 


attain high speed only at high altitude; brushes do not main 


with considerable interplay or 


tain lubricating properties over a wide range of altitude and 
© brushless generators were developed. Air is extremely 
rarefied at high altitude and not very effective for cooling 
it is still les 


new cooling schemes must be developed. High speed impli 


s effective when heated by high speed, and so 


high thrust and aerodynamical buffeting; both cause extreme 
vibration so that calibrated electromagnetic relays are no 
longer suitable for control functions and static devices must 
be developed, Closer and closer limits are set on the electronic 
devices. Electronics engineers demand perfect voltage, fre 
quency, wave form, phase angle, and transient performance; 
the weapons-system manufacturer has to work out the best 
compromise between the perfect and the possible 

The new watchword ts reliability. Long a pious generality, 
this word has now assumed real mathematical significance. An 
oversimplified definition of percent reliability is the number 
of successful missions per 100 attempts. Reliability criteria 
for each subsystem must be fed into the computations i 
achieving satisfactory overall weapon reliability. 

Because, for most mission requirements, a-c systems vive 
higher overall weapons system reliability, they have replaced 


d-c systems. D-c power generation once was assumed to have 


an insurmountable advantage in ease of accomplishing paral- 
lel operation, but ten years of experience on the B36 and 
subsequent aircraft have proven parallel operation of a-« 
generators both practical and reliable. 

Historically, the decision to provide the B36 with an a- 


system was dictated by its intercontinental mission, and 


the success of the airplane program was staked on the ability 
of industry to make the hydraulic drive a reality. Although 
now there are other practical ways to obtain constant speed, 
such as, for example, the engine-bleed air turbine used on 
some 852 airplanes, the hydraulic drive is still predominant, 
both as to number of units in use and number of airplane 
types on which it is installed. Ratings at present cover a 
range from about 10 to 60 kva. Significantly, a-c systems with 
hydraulic constant-speed drives were chosen by the first 
three American manufacturers to develop commercial jet 
transport 

Phe B36 airplane was not only the first operational air- 
plane with a primary a-c electric power system, it was the 
first with what might be called an “engineered” electric 

ystem. Operation under both normal and fault conditions was 
tudied thoroughly and fault protection provided to a degree 

that represented a major breakthrough from all precedents. 

ven so, the salient features of the B36 system were 
largely dictated by state-of-the-art limitations of equipment 
as visualized about 1945. The 40-kva generators were two- 
bearing machines, with integral exciters, fairly “‘stiff” elec- 
trically—all features that have stood the test of time. 
Ability of generators to withstand increasingly severe en- 
vironments has been improved considerably, but about the 
only improvement affecting system electrical characteristics 
directly has been reduction in harmonic voltages to a present 
value in the order of two percent total rms harmonics in the 
line-to-neutral voltage wave. 

Carbon-pile regulators were used on the B36, and on many 
later airplanes. These regulators, thousands of which are 
still in use, are rugged and capable of excellent performance 
when properly maintained. The voltage regulator on an a-¢ 
parallel system must, of course, balance reactive load as well 
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as maintain the system voltage level. There should be no 
interaction between real and reactive power sensing. 

Elimination of all drift in regulator calibration was impos- 
sible and this limited the accuracy of reactive load division. 
The error amounted to about 24 percent of nominal rated 
capacity and theoretically, at least, reduced overall system 
capacity. By contrast, the modern static Magamp regulator 
has negligible drift. Reactive load division can be controlled 
to within six percent of the perfect value, and full theoretical 
system output is available without endangering synchronism 
or thermal! limits. 

Precise control of reactive load balance pays further divi- 
dends in fault protection. On the B36, a relatively crude 
exciter ceiling relay operated after a generator had put out 
maximum excitation for some rather unpredictable length of 
time. The generator was then taken off the line and the ex- 
citer circuit opened. Coordination was difficult, calibration 
uncertain, and the relay couldn’t distinguish between a heavy 
overload and overexcitation resulting from a fault. All this 
is changed with the modern over-and-under excitation relay 
ing system made possible by the precision Magamp regulator 
used on modern systems. Selective protection against exci 
tation faults is positive and immune from false signals. 

Another improvement that pays ultimate dividends in 
reliability is the so-called isochronous governor for the con 
stant-speed drive. Originally, a speed-droop system was 
used for real load division on the B36. Nominal frequency was 
obtained at about 75 percent load when everything was in 
proper adjustment. From no-load to maximum overload, 
frequency shifted from about 420 to about 380 cycles. When 
speed droop is used for load division, a small error in speed 
setting causes a large shift in load between machines. Conse 
quently, to make the error in load division tolerable, the 
shift in frequency as the load on the system changes must be 
considerable. Thus, poor load division might overstress the 
drive mechanism, and poor frequency regulation handicapped 
the performance of the electronic ‘black boxes.” Perfection 
of a precision governor, sensitive to both absolute frequency 
and to load unbalance, has now made it possible to control 































ZONE 2 








Fig. 1—-Protection and contro! zoning fora parallel a-c system 


steady-state frequency to plus-or-minus 0.25 percent (399-401 
cycles). This makes the “black box” designers happy, makes 
automatic paralleling feasible and helps eliminate the neces 
sity for a flight engineer 


The main bus on the B36 was of the so-called ring type 


‘ach generator was tied to the bus through a single circuit 
breaker, and all loads were brought to the one bus. The 


modern parallel system uses the bus arrangement shown in 


‘lo 1 
Fig. 1. 


breakers are closed. Any load bus can be 


Parallel operation is obtained when the bus ti 
upplied through 
the tie breaker even though a fault in a generator or feeder 


has opened the generator breaker. Even a failure in a load 


US does not cause seriou trouble, Ince Provision 1s made 


o transfer essential loads between buse The yvenerator 


associated with the defective bu 


lost aS a source of power 
and it may be necessary to monitor some nonessential load 


All of the switching, however, is fully automatic and almost 





instantaneous, so that continuity of power is assured 





By modern standards the B36 had a large crew and it wa 





not difficult to provide a flight engineer. The modern military 





airplane is designed to very different mission requirement 






On a fighter, the crew may be a single pilot, and even on a 
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upersonic bomber three men are all that can be carried 
Hence, operation of the electric system must be practical 
tutomatic. If the tem is to be paralleled, it must be done 
automaticall at the first instant trequency and phase re 
tionships are correct. If a fault occur the tem n 
evaluate the new conditions, decide what to do, and perfor 
the necessars vitching with negligible effect on the co 


nected loads. For all practical purposes, the flight engineer 


now replaced by a computer 


Basi 


remain stat 


tem philo ophy ha reached a stave where it 


quo until a revolution occurs in the generatio 


of power. Before speculating on such a revolution, consider 


ome of the refinements in performance being developed 


Phe outstanding trend in the power-system field is the 


requirement for yreater and yvreater environmental extreme 


vith only nominal increases in with ever-in 


wiet 


weight, and 


pro ed performance Con yenerators, lor example The 


original 40-kva generator for the B36 weighed 75 pound and 


used a magnesium housing; had no requirement for line-to 


10 devrees ¢ 


neutral harmon wa 


$5 O00 


rated on the basis of 


feet peciiied no limit for voltage 


cooling air at } 


vith unbalanced load 
it YOOO rpm and posse 
90 000 feet. Operating at the 
$0-kva venerator for the 


unbalance required an overspeed test 
ed rather marginal brush perform 
ince at 


0000) rpm the 


same rated speed of 
foeing 707 jet tran 


port weighs 86 pounds, with no magnesium permitted; has 
line-to-neutral; | 


50) OOO) 


harmonic content 


+120 degrees ( 


l¢ than 2% percent 
rated on the basis of 
t have le than two percent voltage unbalance with 


load of 


cooling air at 


leet; mu 


it single-phase rated line current: 1s given an over 


peed test at 11 000 rpm and operates without brushes. The 
10-kva generator for the BSS is another advanced design 
Not only is this machine brushle it is “cooled”’ with oil 
entering at 150 degree ( 

Ihe development of brushle generators deserves em 
phasis. Not only does tl olve the impossible problem of 
compounding brushes to function over fantastic ranges of 
humucdit oxyven «ce itv, and te mperature, it eliminate i 
major ditheult matching generator and regulator chara: 
teristi The environmental ranges cause variations in bri 
contact drops; these variations cause extreme and errati 
change circulating current and the circulating current 





hanve the ystem. At the same time 


rain ol the excitatior 


184 
































iniation in machine temperature can change the 


( e time constants by a factor of two to one. It is not 
urpr y that high-sensitivity, fast-response regulation was 
near mpossible before the brushless machine. 

Stat oltage regulators have already been mentioned 
Not only does the Magamp regulator eliminate wear problems 


of the carbon discs in the carbon-pile regulator; it also 


erratic operation caused by excessive vibration 


on 4 magnetomechanical system, as well as the inherent in 
ensitivity when calibration and power handling are combined 
in a nyvle device Another development appears close at 
hand. Experimental regulators have been built using tran 


tors for controlling excitation; availability of high-power 


con or other high-temperature transistors will make possi 


je a high-performance regulator with 25 to 30 percent the 


volume and weight of the Magamp regulator 
Otherexciting new developmentsare the static decision-mak 


ing or “‘logic-circuit”’ control and protective panels developed 
for use where excessive vibration made electromechanical 
relays usele Ihese panels are the “computers”? mentioned 
pre Viou 


that they are 


The reliability of static computing panels is such 
rapidly replacing panels with conventional 
relays even where excessive vibration is not a problem. Al 
though semiconductors are expensive at present, their cost 
is decreasing and a semiconductor scheme probably will be 
the ultimate choice 


lation on the future is always interesting. A recurrent 


SDect 
! 
dream is the achievement of controlled frequency independent 


ol rotational peed Most of the schemes proposed simply 
put power proportional to make up speed into the drive sys 
tem. Thi 


variatio! but 


might be tolerable for small ratings and small speed 


impractical for a two or three-to-one speed 


range and for any real capacity. The next most popular 


and 
rhis has 


rhe problems in 


cheme is to generate d-c or rectify wild-frequency a-c, 
then convert the d-c to a-c of controlled frequency 
been done for small amounts of power 
developing a full-scale system to operate on this principle 
are considerable 

The siz 
Nex lactor 


randled 


but probably not insurmountable 

e of future electric systems depends on many com 
that determine the proportion of secondary power 
Potal 
power tends to go up with aircraft weight, probably 


electrically, pneumatically, and hydraulically 
econdar\ 
about directly. It also goes up with speed, with some evidence 
in past experience indicating that the proportionality factor 
If the future continues the trends 


is at least peed squared 


of the past, secondary power systems are going to involve 
thousands of horsepower in the next 10 to 20 years 
How can such amounts of power be generated? As long as 


conventional rotating engines are used, hydraulic drives can 


probab erve the purpose \ different method, Say by solv 


ing the problem of stati Irequency conversion equipment, 
immediately introduces a generator problem. Large d-c gener 


ators will be impractical. Large a-c generators operating 


over a wide pec d ranve are lar trom simple enyineering prob 
ems. Add temperatures reaching 800 degrees F or more, sur 


roundings saturated with intense nuclear radiation, and it 
becomes apparent that engineers have some tough problems 
{ id 
So far, the existence of a prime mover has been assumed, 
but issumption is hardly justified. Best predictions 
ire that » rotating engines will be used and that chemical 
or rad t energy will have to be converted to the desired 


as directl as can be 


and efficiently accom 


ystems designers of the next decade 


be making science facts out of science fiction. ® 
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* From the primitive 


trend of history has been toward faster and further-reacl 
missiles with greater lethality upon impact. The 

culty with all these device Wil and in some cases 

the operator’s lack of control over the projectile once 

the launching engine. Target motion during the missile 

wind effects, deflections caused by air turbulence 

the case of long-range projectiles, varying densities 

strata all contribute to inaccuracy of aim. The advent of 


anti-aircraft guns for shooting at fast targets intensified 


these problems and called 


for more elaborate schemes to 
anticipate target) motor ind aim the projectiie oF in 
accurate interception course. Even with many advancement 
the aim of an ordinary anti-aircraft gun or even field or naval 
guns Is far from perfect The obvious need was a device that 
could be controlled duri r tlivht ind its course corrected 
account for the various disturbing factors 1 guided missile 


Che guided missile is basically a projectile, which include 
a destructive warhead and device lor prop lling it, guiding 
it to the target, and keeping it flying straight. The guided 
missile must also contain power sources for its various aux! 
ary services, and in some cases transmitters to enable it 
controller to locate the missile during flight 

(juided missile development had to await development ol 
several basic components: First of all, the motor, then the 
aerodynamic know-how to properly design the airframe, and 
then a means for guidance 

(;uided missiles today range in size from a few hundred 


pounds to 10 tons or more. Some employ simple guidance 


systems; others are very elaborate and require huge guidance 


installations. Modern missile in be clas ified I! everal 
basic categories (Fig. 1), which include: (1) surface-to 
surface; (2) surface-to-air tir-to-surlace; (4) air-to-air; 


and (5) spec ial applicat ol ilr-to-underwatet urlace 


underwater, underwater-to-air, underwater-to-surface 


A primary technical problem in guided-missile design is 
the guidance system, without hich the missile is little 
more than a cannon shell | ic guidance schemes are 
in existence: 

Guidance by wire I} 1 Is used today in simple 
anti-tank missiles, particula in a French versior The 


ystem was also employed he Germans during World 


The Bomarc interceptor missile is hurtied 
into the air with a booster rocket; when the 
rocket burns out, two ramjet engines 

take over. / fir Force Photo 





les, but is now pra 


in one ol them ; iif missl 
yandoned because of the obvious difficulty of stretcl 
re between the ground or the aircraft and the missile 
krench version of anti-tank missile, the operator fire 
ile keeping the target within the sights of 

thie a he operator keeps the missile centered 


crosshair manipulating a control box that transmit 


ippropriate signals to the missile control surfaces 
Command Guidance Phis guidance method uses coded iy 


ils from the launcher (big. 2). Generally the method per 
form I] a ground radar tracks the target, and know 
it ing and range } i is fired, and guided by 
ippropriate signals from the ground toward the target. The 

tem is similar to wire guidance, with the wire replaced b 
\ related method used in the Matador missile 


provides continuous electronic signals that blanket the area 


a radio link 


between the missile launcher and the target. The missile 1 
preset to fly in a certain path and derives its information 
from these radio signal This system has the disadvantage 
that radio waves, especially over long distances, become easily 
distorted so that yuidance information becomes decrea invl 


distance increases between the missile and 


accurate il 
launching tation 

Beamrider—I\n this system, a radar tracks the target co 
tinuously and keeps locked on it (Fig. 3). The missile 1 
launched in the radar beam and follows the beam until it 
hits the target 

fo achieve accuracy, the beam trom the radar must be 
narrow, At the same time, the missile must be launched from 
a place somewhat removed from the radar to prevent burning 
the radar with exhaust flames. Therefore, the missile must 
be aimed to intercept the radar beam (be “captured” by the 
beam). With a narrow beam, this is difficult Therefore 
most systems use two beams—a narrow beam insures accurate 
guidance, and a broader beam centered with the narrow beam 
insures “capture The missile is launched towards the beam 
without requiring excessive accuracy and is first captured by 
the broad beam, which then pulls the missile to the center of 
the narrow beam. The system is relatively simple and eco 
nomical, and requires relatively little complication, within 
the mussile on the ground has the drawback that 
the missile, towards the end of its flight, is forced into 


high lateral accelerations unless the target is flying directly 


186 


toward or away from the radar. The system is also somewhat 
ineflicient in utilization of the ground equipment 

“IToming ypes of guidance— These are the most modern 
types and require a greater degree of intelligence in the 
missil han do the other systems. Homing type guidance 

tems are either active or passive. In the passive system, a 
radar illuminates the target and reflections from the target 
ure een” by the missile. In the active type, the missile is 
equipped with its own radar, which illuminates the target and 
the missile zeros in on the return signal 

\ homing missile can follow several types of trajectories: 
Pure pursuil (hig. 4a), in which the missile constantly aims 
at the target. This system requires longer flight paths than 
other more modern systems. It was used in early German mis 


iles but is now almost entirely obsolete. Proportional naviga- 


fion (Vig. 4b), in which the missile is automatically aimed to 


achieve a collision course with the target. This is the most 
modern tem and is widely used. Other guidance systems are 
devialed pursuil and the conslant-bearing courses 

Inertial guidance—Some drawbacks exist with the guidance 
ystems previously discussed, primarily because guidance 
occurs by means of radio siynals, which can be detected by 
the enemy to reveal valuable information on attacker posi 
tion. In addition, the enemy can use his own signals to 
attempt to jam or seize control of the missile. The other prin 
cipal drawback is that electronic guidance by radar only 
vor vithin line-of-sight; as soon as the distance becomes 
so great that the earth’s curvature is involved, radar signals 
cannot follow the missile. To obviate these two difficulties 
n long-range surface-to-surface missiles, the inertial guidance 
system is used This system is based on the use of gyros, 
spinning masses that maintain their attitude in space regard 
less of missile motion (Fig. 5). By comparing the direction 
of the force of gravity with the preset gyro direction, the 
missile can tell when it has reached the target. In theory the 
system is fool-proof, but it requires extremely accurate gyros, 
vhich are very delicate instruments. Furthermore, accurate 
knowledge of the direction of the force of gravity is difficult 
to obtain in a moving missile. Considerable effort is currently 
be ny expended by Various agencies and ( ompanties to correct 
these drawbacks 

Guidance by star This type of guidance is similar to 


by ships Phe missile is equipped with special 








instruments that observe certain star positions, and compare 
these positions with force-of-gravity direction. When the 
right position is reached, the missile automatically dives to 
bomb the target. Again, the major difficulty 
knowledge of the direction of the force of gray ity. 


S accurate 


Combination guidance—A missile weapon system may in- 
volve combinations of the above types of guidance. For 
example, one ground-to-air missile system uses command 
guidance during the midcourse phase until the missile is in a 
position to ‘‘acquire” the target with its own active homing 
system for terminal guidance. Another guided missile system 
uses a modified beamrider and_ passive-homing-guidance 
combination. 


A typical cut-away view of a missile is shown in Fig. 6 
The following principal components are needed for a suc 
cessful missile: 

Motors—Numerous types of motors are used for guided 
missiles, ranging from jets to rockets. Use of any motor 
depends upon the application. Solid or liquid fuels are used 
for propelled rockets, pulse-jets for subsonic missiles, and 
ram jets for supersonic missiles. Some missiles employ 
a combination of rocket boosters to bring the missile to 


6 Missile components 
are shown in this 
cutaway view. 
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take over. / fir Force Phote 

























Superson speed, ilter v tram jet take ovel 
Warheads—This “busine load of the missile range 
from a few tens of pounds to hundreds of pounds. Genera 
speaking the efficiency of a n le in terms of irhead 
weight carried for a given n e weight is low. A typ 


medium-range missile cart 


OOO pounds. Warheads perform the 


destructive action by mea of fragment pure blast, o1 


i hundred pound warhead 


may weigh as much a 


by other devices now under stud In the future, most wat 
heads will probably be of the nuclear type 


Auto pilot required to keep the guided 


Ihis mec i m | 


missile flying Straight, in the ime manner that a pilot 
(or autopilot) is required for aircraft. In fact, while an ait 
craft should be able to 1] | by itself after the course | 
set, any small disturbance vinds, changes in balance, ete 


would soon deviate the aircraft from its proper course unl 
they are properly corrected. The heart of the autopilot i 
the gyro. Appropriate equipment senses difference in al 
craft attitude with re pect to the ro and commands rudder 


or control surface to correct the di crepan 


A typical example ol present mi ile ce elopment the 


Somarc, an Air Force surface-to-air guided missile capable 





missile in flight 
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of destro y high-flying enemy bombers at considerable 
range. The ground guidance equipment uses ground-based 
radar data to guide the missile to a position from which the 
missile guidance unit can find the attacker, and then navigate 
toaco lon path 

Phe ground-guidance system for the Bomarc is designed 
to realize maximum effectiveness from the entire weapon 

tem. It provides a broad area defense so that many cities 

be defended by each network of ground-guidance systems 
ind e base Studies are being made to optimize the 
WeaDol tem performance against targets that try to avoid 
Bomare attack by flying “evasive” courses. Also techniques 
ire being developed to minimize the effectiveness of enemy 


attempts to confuse the weapon system by electronically 


blinding” ground and missile radars, or ‘“jamming’’ the 
radio on mand link 
\ dication of the high degree of know-how, and of 
the advanced thinking applied to the growing missile field can 
be gleaned from the quality and number of studies performed 
recent months. Considerable time and effort have been ex 
pended ¢ bomber defense, one of the most intriguing of 


current-day air-warfare problems. The bomber, in its attempt 
the target, must defend itself against a wide variety 


of enemy countermeasures, which include interceptor aircraft 
and missiles of the Bomare type. Defensive action, originating 
the bomber’s central data computer, or ‘brain,’ must 


elect the weapon that will most effectively thwart the enemy. 
This may entail transmitting radar signals destined to ‘‘jam” 
enemy tracking devices; it may necessitate using false tar 


frets as a confusion aid; or as a last resort, launching a de 


Phe Air Force has asked for a bomber-defense missile 

tem for the projected nuclear bomber. Navy interest in a 
defensive system for its heavy aircraft initiated another 
tudy that advocates a rather unconventional missile form 
for aircraft protection against rear attacks 

goth projects required intensive research into the basic 
concepts of air warfare, to achieve a system of the future 
capable of fulfilling its tactical requirements, but which is at 
once produ ible, reliable, and of low cost to the Armed Forces 

Weapon-system development has resulted in the extension 
of fire-contro ystems, formerly restricted to guns and 
rockets, to include missile capabilities. All-weather inter 
ceptors flying against enemy aircraft can now unleash long 
ranve, highly accurate air-to-air guided missiles at safe dis 


Lice ind achieve a higher enemy attrition rate than was 


ormet OSSIDLE lie-in of the fire control “‘brain’’ to an 
tutomat light control system (an advanced type “auto 
ol has been accomplished to provide both stabilization 
d guidance of the aircraft while tracking the target —all 
{ t pilot iid 
Thi illenge of space flight has initiated many funda 
ment tucic including those directed toward improving 
ert vation systen vhich are destined to answer 
the 1 roblems of precision, long-range navigation \ 
missile vigation system that is invulnerable to enemy 
immu nse itive Lo we ither, and completely independent 
f yr d aids for navigation is the ultimate for long-range 
flight both over the earth’s surface and in outer space. Out 
of these continuing studies will come solutions that will 
enable us to guide missiles, not merely as weapons ol war, 
Dut ( cle ol } welul transportation, to ther solar 
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* Maintaining Am« tative t iperiority 
been described as ru ke mad to stay in the ime 
place.” Much of th ! ike mad done in the 
nation’s aviation test fa ti Hlere research and deve 
ment is carried on to make ssible the tremendous aviatio 
achievements that app the natio headline 

Poday’s aviation test I ti cover an almost mnexhaust 
ible range of types. Ever tructural member, component, ¢ 
gine, subassembly, and complete airframe or 1 ile is tested 
in Some torm of a test ta { Succes ful design and perform 
ance prediction ol airborne veé ‘ ind component system 
presents problems itera by the thousand that must be 
solved in these laboratori Since research and deve opment 
testing must precede actual flight of the aircratt or missile, the 
engineering tor such tac tie clearly in the realm ot “the 
wild blue yonder 

The ‘‘test facility” is a [ne lized tem for subye ne the 
“test article’ to certain postulated environmental ind opera 
tional conditions and for measuring its reaction to these con 
ditions in whatever manner and wit hatever accura 
required. The form and function of aviation test facilitic 
determined complete! | Lhe ¢ ironmental a id operatior i 
conditions that must be d Ip ited, and the t pe ob vehict 
they must test. They are ffected by the type of vehicle 
reaction to be measured and the required accuracy. These 
facilities may be broadly cla ed into ‘“‘air-blowing ina 
non-air-blowing catevoru Phe air-blowing ftaciliti n 
clude engine test facilities and d tunnel 


Engine component i | cle ¢ brie ire tested in fe 
cells of engine lest facility e test ce beyan as a relativel 
simple ‘stand”’ for measut enyine thrust at sea-level cond 
tions no special effort vere made to duplicate environmental 
conditions at altitude. Engine re tested in elaborate tota 
enclosed cell supplied b battery of compressor deliver 
air at the inlet to the ¢ eat the proper velocit pressure 
and temperature to duplicate maitio it altitude and 
speed Phe hot vi aise irve from these closed test cel is re 
moved by exhauster compressors, preceded by spray coolet 
to make the hot combustion ( uitable for handling b 
the compre a) Ky thi mea thie o-cahed interna ero 
dynamics and thermod i ire investigated Inder operat 
ing condition 

Facilities of this type usu require several individua 
compressors driven Cpa! if or il rroups Ol two and three 
byl idividual drive motor reste turl ( Phe compre or 
can be connected i i! eri rp ill¢ ombit 
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The sketch at left shows a single bank of 






quartz infrared lamps used to subject missile 
and airplane elements to the temperature 
encountered at high flight speeds. Series of 
photos illustrate the rapid rate of temperature 


increase possible with such a system. In normal 





use, such facilities are for testing full-scale 


airframes and components 


deliver air to a main supply header at various pressures and 


volumes. The main header is arranged, in turn, so that it can 
be isolated into one or more different sections, each section 
upplying one or more test cells operating at different flight 
conditions. The exhauster header and exhauster compressor 


battery is similarly arranged 
i 


Ihe wind tunnel has been called man’s largest precision 
instrument. Tunnels are characterized by many factors, such 
as the size of the test section, length of running time, the 
horsepower of the drive, the speed of the air flow, the temper 
ature. the air density in the test section, and many other 
loday’s tunnels range from those with test areas of less than 
a square inch in cross-section, up to one 1) feet by SO leet 
heir test-section velocities range from stiff breezes at the 
subsonic speeds to hypersonic blasts reaching up to Mach 15 

Continuous-flow wind tunnels include the older low-speed 
tunnels in which even today’s advanced aircraft types must be 
tested to determine landing and take-off characteristics. In 
these ubsonic” tunnels, control of test-section air speed is a 
direct function of the speed of the motor driving the fan and 
drive speed must be controlled with great accuracy 

As aircraft flight speeds pushed upward into the transonic, 
and ultimately into the supersonic range, tunnels were evolved 
in which control of test section peed ceased to be dep ndent 
upon control of drive system speed and became a function of 
the test-section expansion ratio or geometry. Much attention 
now centers upon the “fan,” which has now become a multi 
tape compressor, and upon control of the test-section au 
peed, which is accomplished by varying the shape of the 
flexible steel sidewall 

Just as the airframe and all its aerodynamic components are 
tested singly and in combination in a variety of tunnels, so 
the engine is tested, First its components separately, then the 
whole engine in an engine test facility, and finally the engine 
in it pod,” nacelle, or wing mount together with adjacent 
portions of the airframe is installed in the test section of a 
large Propulsion Wind Tunnel to study interactions between 
the adjacent airframe and the engine These large test facilitie 
are capable not only of aerodynamic testing in the ordinary 
ense, but also of testing the so-called “external aerodynami 
of full-size burning’ engine in their associated airframe 
tructures. Outstanding examples of such facilities are the 
USAF PWT at Arnold Engineering Development Center with 
its 250-square-foot flow area, and the NACA PWT at Lewi 
hight Propulsion Lab with its 100-square-foot flow area 


An example of a continuous tunnel whose unusual physical 








arrangement is uniquely determined by its function is the 12- 
foot vertical tunnel at Wright Field. From a distance, the 


tunnel resembles a huge silo. It is constructed as two concen- 


tric concrete cylinders. The inner cylinder contains the test 
section, approximately two-thirds of the way up the vertical 
height of the cylinder, with the fan located at the top. The 
fan pulls a vertical flow of air upwards, through the test sec- 
tion, and returns it outward and downward through the 
annulus between the outer and inner walls. 

rhis tunnel is used for studying spinning characteristics of 
various aircraft types, models of which are tossed into the 
upward flowing air stream. Remote systems operate the tiny 
model control surfaces. Air speed is regulated, by controlling 
speed of the main fan, to just support the model in the field 
of view through the test-section windows. 

Intermittent-flow tunnels include the blowdown tunnel, 
shock tubes, and electric-arc tunnels. In the blowdown tunnel, 
air is pumped into a storage vessel by a relatively low capacity 
compressor system over a period ranging from 15 minutes toa 
half hour. A special quick-acting flow-control valve is then 
opened, permitting the air to “blow” for a few seconds through 
the test section and out to atmosphere or to an evacuated 
chamber, depending on what “altitude” or Reynolds number 
is desired in the test section. Blowdown tunnels are usually 
designed for high supersonic speeds and obtain these with 
minimum investment. However, the short operating time dur 
ing which usable data can be taken requires considerable 
attention to the design of the quick-operating control valves, 
high-speed measuring apparatus, etc. This type of tunnel has 
hecome popular with airframe manufacturers who need some, 
although not necessarily exhaustive, information about 
vehicle performance at the earliest possible date. 

\mong the most advanced intermittent wind tunnels in 
operation are those capable of producing the extremely high- 
speed and high-temperature flows associated with the re- 
entry of a ballistic missile into the earth’s atmosphere. Various 
techniques have been used in an attempt to produce these 
extremely high temperatures and speeds. Among these are: 
the combustible-mixture shock tube, and more recently, the 
electric are “tunnel.”’ In the shock tube, a mixture of com- 
bustible gases is ignited while trapped behind a frangible dise 
or diaphragm, which can be ruptured at the precise moment 
necessary to permit an extremely intense detonation wave to 

weep through the tube. The “thickness” of the detonation 
wave or pressure discontinuity is very small. But as this dis 
continuity sweeps over the small model, after passing through 
an appropriate converging-diverging nozzle section, it simu 
ites, fora brief instant, conditions experienced by a missile re 





entering the earth’s atmosphere at speeds of the order of itself. All methods involve r the shape of the tlexible 
Mach 10 and above. Interesting work is presently being done walls of the test section e both transonic and supe! 
in several laboratories to increase the frequency with which (but especially transo ir flows are essentially ut 
such a shock wave can be produced, its effective duration, ural,’ in that they are ve table and require specia 
and the maximum Mach number that can be simulated ditions to exist at all, the trol of the test section geometry 
Phe electric-arc tunnel produces a blast of hot gas from an Is a precise and meticulous operation. The walls are moved by 
arc chamber, in which air is trapped behind a diaphragm large actuators, which 1 t be capable not only of pre 
prior to the initiation of a high-energy electric arc within the adjustment (resolution must be about one part in one hundred 
chamber. After the diaphragm ruptures, the hot gases issue thousand) but, in most ‘ ist be capable of wit 
from the arc chamber into the previously evacuated tunnel ing large compressive e design of tl wtuat 
and into the test section proper Various classes of energy apparatus and its associated rity equ nent ca lor 
storage apparatus have been considered for delivering the ne the exercise of the greatest sl | renuit Besides the 
essary energy into the arc. Among these are capacitors, in precision with which the walls must be positioned, excessive 
duction coils, rotating machinery, and storage batteries local stresses must be avoice the wall plates themselve 
\ further problem is that e t el test r time ‘ 
tremely expensive, adjustment 7) ( 1 test-se 
Boundary-Layer Systems—An important class of auxil contour must be made the mum possible time 
lary machinery systems sometimes applied to transonic and accomplish this, positio lat tored b uch meat 
supersonic tunnels is known as “boundary-layer removal punched cards and fed into automatic computing equipm« 
systems.’ These systems reduce the thickness of the boundary The computer controls the act of the individual actuator 
layer of relatively stagnant air that builds up along the walls motors to achieve the desire r change the 
in a high-speed test section; this layer reduces the effective possible time without either overstre rthe plate or mal 
area of the test section to considerably less than the actual errors in the final contour | tment. Not all test se 
cross-sectional dimensions. Under certain flow conditions control equipment is t! omplicated, however ce ma 
this amounts to blockage or choking of the tunnel, and little impler forms are in success! peration. Among the simpler 
or no effective testing can be done except on extremely small types is the sliding block or “asymeti developed by NACA 
models. To prevent this, a so-called plenum chamber is in Vodel Support Systen ( st ortant final product 
stalled around the test section fl xible walls, so arranged that of any wind tunnel or test t lata on the reaction ol 
air from the main flow can be bled through holes or slots in the the test article to test conditions. Knowledge of these re 
test section walls, thus introducing a secondary flow outward tions is obtained by se tive apparatus of special ce 
through these holes. To produce such a flow, boundary-layer vhich measures them and send to read-out eq 
compressors draw air from the plenum chamber and di ment. These are the ( ort te 
charge it back into the tunnel at another location. The range model balance These «ce rt the “le 
of pressures and volume flows over which these boundary the test section and p1 le a me for 1 pulat thi 
layer compressors must operate Is determined by the amount model to simulate vat t attituce ind mane er 
of suction necessary to remove the boundary layer under the \lso they bring out to m« r «le ( te 
various flow conditions and nozzle ettings in the test section tions of forces and moment ed upon the t we ! 
These boundary layer removal systems must operate ove these manipulations unde ef t speed and altitude 
a relatively wide range of volume flows and compre ion ratios ditions existing in the test sect Model balances are 
and in some cases must handle high suction temperature In ined in various ways dep the method of support 
some tunnels, the installed horsepower for this service ap ing the model, the number of measurements they are intended 
proaches 50 percent of the total main drive horsepower to make, etc. For instance le balance e attached 
requirement the side wall of the wind t | wort wie 
Vozzle Control Another function in both the continuou the air stream in the te ( 
flow type tunnel and the blowdown tunnel is control of the engine in a pod mount t 
shape of the supersonic or transoni nozzle and test section port upport the model t icture rese I 
As mentioned, speed in transonic and supersonic test section er in the tail of an insect \ll these de ‘ ( ( 
s controlled by variation of the geome try ol the test section mechanisms olf lint ( I ( 
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nd hydraulic pressure cylindes 
class of test facilities does not involve the “blov 
id In this category fall structural test facilitie 
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acoustic noise facilities, capti n 


rocket stands, rocket pump and turbine test stand 
Ilevaled Temperature Structural Test Facilitie As plane 
and mi if reach higher peed problem of the o-calle 


thermal barrier or 


nounced 


With the adi 


hypersonic flight, and their accompanying aerodynamic heat 


thermal thicket become increasingly pro 


ent of upersoni and the approach ol} 


ing and thermal loading effect the need for elevated-tem 


per iture 
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produced 


iddition 


Phi permit tucies of 


tructural test facilities has become acute. In the 


irious temperature gradients and heat flow are 


vithin or on the surface of a structural member. lh 


it 


may be loaded to produce given stress gradient 


under the extreme temperature conditions expected 


everial 
trical-re 
ing 4 
) nad 


the behavior of structural element 


means of heating have been used, such as: (1) ele 
tance heating )) racho-frequency induction heat 
ectric blanket (4) solar radiation; (5) hot gase 
tunnel testing; and (7) hot-body radiation 


Ilectrical-resistance hi 


ol Wiad 


duction Healing | 


matt te 


heating 


t 


| 


eccimens ol 


irticie It 
iat takes place on the outer surface A serious d 


ad 


uniform cro ection. Radio-frequen 


useful for the rapid heating of reasonab 


eating is usually contined to the te ting 


losely approximates the aerodynami 


idvantage many instances is that different materials heat 
at different rates due to differences in electromagnetic perme 
abilit thereby giving thermal gradients that do not dup 
cate the aerodynamic heating 

Conduction heating by an electric blanket is best suited for 
those applications requiring slow heating of large, irregulat 
irea The thermal inertia associated with the blankets pre 
vents testing at the most rapid response rates 
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nthe test artic is to fly A device known as an 


Aeroder’’ has been used to produc e these effects. This con 
ts essentially of a jet-engine combustion chamber supplied 
from an auxiliary air supply. The article undergoing test is 


exposed to the jet at the nozzle opening. The jet stream ranges 
between 1800 degrees and 2000 degrees F at a Mach number 
of 1.8. With afterburners, temperatures up to 3500 degrees I 
e been rea hed 
Wind-tunnel lesting has not been used extensively to obtain 
temperature effects except lor very small test articles in shock 
tubes and electric-arc tunnels where intermittent flow or dis 
harge permits using the tremendous energy required. 
Hot-body radiation is the most active technique presently 
ed for elevated-temperature structural testing. Most ele 
ited-temperature structural test facilities currently being 
considered use as a source of heat high intensity incandescent 
imps operated at voltages far exceeding their normal rating 
These lamps can be controlled by computer equipment capa 
ble of sensing the temperature gradient being produced and 
deducing from this gradient whether or not the desired heat 
inflow per square foot of surface is being produced. If it is not, 
corrective action 1 computed and the ne essary control sig- 
i nitiated to control the lamps 
lircraft Generator Test Stands—On these test stands, gen 
erators alone, and sometimes complete aircraft electrical 
tems are given tests under closely controlled conditions 
rhese drives provide adjustable speed over a wide range and 
have ability to maintain a closely regulated speed at any 
elected point [his permits vyenerator performance under 
many flight operating conditions to be duplicated on the 
ground, Such items as voltage regulation, transient response, 
overload capacity, paralleling operations with other genera 
tors, and shock loading can be simulated and accurately, 
measured. These facilities save thousands of hours of flight 
testing and secure data that could be obtained in actual 
light only with extreme hazard or diffi ulty. 
tcoustic Noise Test Facilities—The aircraft industry is be 
r acutely aware of the problems of acoustical energy 


COMIN: 
ind its effect upon man and materials. The effect of noise on 
the human being can range from the nuisance (such as cre 
ating temporary deafness) to the more sinister effect of acous 
tical energy transmitted directly to the flesh and bones, where 
t may be potentially injurious to the nervous system. Many 
tranyve effects of noise on the human have been noted: for ex 
ample, a man within a thousand feet of a missile launching 
venerally loses his latest meal due to the effect of acoustical 
pressure waves emanating from the tremendously noisy 
rocket discharge. Acoustical energy can produce vibration in 
tructural members, causing early failure 

Phe noise produced by rockets and missiles comes close to 
bye Inv pure white nose is as does the nose sper trum pro 
luced by a jet aircraft. White noise means that over the par 
ticular band of frequencies of audible noise produc ed, all fre 
quencies are present and of equal intensity. 

lo further investigate the problems created by these air 
borne acoustical waves, the industry 1S beginning to install 
vhite-noise test facilities. Here high-energy acoustical pres 
ire waves up to the order of 180 decibels can be produced 
electronically and transferred by suitable transducers into 
rborne pressure waves 
Static Rocket and Missile Test Stands—The airplane’s close 
the missile, has required new and often more vexing 


relat ( 
testing procedures for its development and production. One 
spectacular one is the static test stand, in which the missile 


power plant, or even the complete missile, is mounted for a 
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full-thrust operational check-out of its propulsion system 
Many such facilities are already in existence and still larger 
and more complex stands are now under construction. The 
larger test stands are capable of testing propulsion systems 
developing up to 1 500 000 pounds of thrust 
In the larger stands the power plant or complete missile 
is mounted vertically in a supporting steel structure resem 
bling an oil-well derrick. The hot exhaust gases and flames 
from the propulsion system are deflected horizontally by 
steel and concrete flame deflectors over which thousands of 
gallons of water are poured during the test. Were it not for 
this water cooling, the steel and concrete of these detlectors 
would melt and erode in a matter of seconds. The control 
and instrumentation for these stands is housed in a rein 
forced concrete blockhouse built to withstand blast explosion 
In these blockhouses hundreds of thousands of dollars of 
instrumentation and data reduction equipment is housed 
Missile Pump and Turbine Test Stands—‘Two of the most 
important components in a missile are the pumps and tur 
bines used in the propulsion system. The pumps supply the 
fuel and oxidizing agent to the combustion chamber of the 
engine and are driven by a high-speed gas turbine. These 
pumps and turbines are high in both speed and horsepower, 
and by all normal industrial standards are extremely small in 
size but tremendous in performance. Their life span is ex 
tremely short, but during this time the utmost in performance 
and efficiency must be realized to obtain the ultimate per 
formance from the missile 
The pump test stand is essentially a motoring dynamom 
eter Sink e the pumps themselves are lubric ated and cooled by 
the fuel or oxidizing agent, they can only be run with fuel or 
oxidizer flowing in the system. These pumps deliver prodi 
gious quantities of fuel or oxidizer and for this reason the sup 
ply that can feasibly be stored lasts for only a few seconds 
Therefore, the test runs are of very short duration. Generally 
speaking, a test stand of this nature must accelerate to full 
speed in 10 to 15 seconds and run ata < losely regulated speed 
of about plus or minus one-tenth of one percent tor the next 
15 seconds and then shut down. Some of the larger stands 
under consideration have top speeds of 30 000 rpm and a full 
horsepower range of 30000 hp. The precision required in 
torque measurement under these operating conditions im 
poses stringent design requirements on the speed controls for 
these test stands 
rhe turbine test stand is essentially an absorption dyna 
mometer, and while it is able to run for a longer period of 
time than the pump, its speed regulation and other factor 
are much the same. Large stands currently under discussion 
will exceed 90 000 hp at 30 000 rpm 
No missiles now in production require pumps or turbine 
demanding the full rating of these proposed stands. However 
the lead time necessary to engineer, design, and fabricate 
test stands like these is such that the planning must be done 


in advance if the tools are to be ready when needed 


Ihe foregoing indicates what might be called the ‘chai 
of dependence” that connects the advanced requirements of 
tomorrow’ s aircraft with similarly idvanced requirement lor 
test facilities. The aircraft industry perhaps unique in re 
quiring an extremely high time rate of change of the state of 
art simply to stay abreast of the requirements for maintain 
ing qualitative air superiority. This rate of change is so great 


is to require major breakthroughs at frequent inter 


most as a matter of routine. ® 






































































